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This thsa is  is  in tmc p a r t s , t w  f i r s t  por t ion  o f  which

âosoriüôs experifficnts which wers oarr iêd oui tç de te c t  a pcBiti\ye

photo^e l e c t r i c  emission from potassium. The r e s u l t  o f  these was
- y

that  i f  such an mUssicn occurs i t  is o f  the order c f  10 t i m e  

the negati'oe emissicn  at  most,  i . e .  a thousand times as s m l l  as 

the c a lm  fciotd It; Derfoer, who olahwd tc  & a c e  d e f i n i t e  eindenae 

c f  a p h c tc - e l e c t r i c  e f f e c t .

The port ion avnoerns the two or more threshold

frequencies  o f  pct^^ssiiiu,  A b r i e f  h i s t o r i c a l  acccunt is  g t m n

ending with the ymrk o f  Pdohardscn and Young in which they p red ic t

f o r  the s e n s i t i s e d  potassium surface a threshold  a t  10,000 AU and

another a t  PÔ OOO AU, Procautlcnti were taken tc obtain  a clean

surface  'fn a high vacuum; the apparatus being o f  a form whioh made

the sa tura t ion  o f  the photo^^e lea t r i e  oiirrants easy and tne potassium

mas subjected  tc approriniatsly l lnck  body rad ia t ion .  Using
> -  —!y-

Bichardaon*s formula for  the saturated currents G ^ AT e , the 

mcrk funciicns  ̂ h, and the correspondiniy threshold frequenoips tô  re  

determined. The values o f  the frequencies found were 'fJOûl\,U,fû;ùûo R.U. 

2\,000A.U,  4  tentatiV'S a v p la m t i c n  is  gioen o f  c er ta in  H y s te r t s i s

phenome^ which were observed.
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The e a r l i e r  p a r t  o f  th e  e x p e r i m e n t a l  work â n a o r ib e â  in  

t h i s  t h e s i s  m s  u n d e r ta k e n  w i t h  the  p u r p o s e  o f d e t e o t i n g  a  p o s i t i v e  

p h o t o e l e c t r i c  e m i s s i o n  from p o t a s s i u m ,  i f  any s u c \  e m i s s i o n  a a t u a l l y  

o c c u r s .  The e x p e r i m e n t s  i n d i c a t e  t h a t  any p o s i t i v e  e i a s i o n  ,frcm th e  

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

w h e th e r  f t  o c r u r s  a t  a l l .

The l a t a ^  and r a j o r  p o r t i o n  o f  th^ t h e s i s  i s  d e v o t e d  tc  

an i n v e s t i g a t i o n  o f  t h e  pho to—e l e c t r i c  ( n e g a t i v e )  e  i s s i o n  from t h e  

m e ta l  under  V.e i n f l u e n ç a  o f  b l a c k  bodr/ r a d i a t i c n .  The e x p e r i m e n t s  

i n d i c a t e  t h e  e x i s t e n c e  o f  a t  l e a s t  work fu n o t io n s  whose v l u e s  and  

th e  a s s o c i a t e d  t h r e s h o l d  f r e q u e n c i e s  h ave  been d e t e rm in e d ^

POSITJyH PUOTO^IÆGTRIG EFFECT

Dember ( A n n .d .P h y a . UOj s t a t e s  t h a t  a c y l i n d e r  

s u rr o u n d in g  a m e ta l  p l a t e  a q u i r e d  a p o s i t i v e  charge  when t h e  p l a t e  

was i l I m d n a t e d  w ith  u l t r a  v i o l e t  l i g h t ,  a s u i t a b l e  f i e l d  be ing  a p p l i e d  

and a t t r i b u t e d  t h i s  ch a rg in g  up t c  t h e  e m i s s i o n  o f  p o s i t i v e  io n s  2r/ th e  

p l a t e .  M r  and L u c h s in g e r  (Phys .  Z e i t s o h r .  work ing  w i t h  s r a l l

p a r t i c l e s  c f  p a r a f f i n  vnd s e l e n i u m  in  a ‘‘i l l i k a n  e l e c t r o n  a p p a r a t u s  

fou n d  some p a r t i c l e s  become n e g a t i v e l y  ch a r g ed  when i l l u m i n a t e d  w i t h  

u l t r a  v i o l e t  l i g h t .  T h is  s o - c a l l e d  ' i n v e r s e '  e f f e c t  seems t o  p o i n t  to

p h o t o - ^ e l e o t r i o  e i r f a s io n  o f  p o s i t i v e  p a r t i c l e s , but  i t  can a l s o  be

a c c o u n te d  f o r ,  i f  sov:e s t r a y  l i g h t  i s  a l l o w e d  t o  f a l l  on m e ta l  p a r t s  in

t h e  a p p a r a t u s , w?Uok g i v e  o f f  p h o t o - e l e c t r o n s  to  be p i c k e d  up by th e

p a r t i c l e s  under  e x a m in a t io n .  I n  n e i t h e r  o f  th e  a b o v e  e x p e r i m e n t s  

were p r e c a u t i o n s  ta k e n  t o  s h i e l d  t h e  m e ta l  p a r t s  from th e  s t r a y  s h o r t  

wave l i : ' h t .  S ,  T o u te s  (Ann .D .Phya . Vi  19S5J found t h a t  when th e  

co n d e n s e r  p l a t e s  i n  th e  e l e c t r o n  a p p a r a t u s  ^ere c o a t e d  w i th  wax t h e  

' i n v e r s e '  e f f e c t  d i d  n e t  a p p e a r ,  but  w i t h  bar^ ^ e t n l  p l a t e s  i t  d i d .
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Du B r i d g e  (P h ys ,  Rev ,  Feb, 192 5 )  a l s o  found t h a t  he oou îé f  accou n t  f o r  

Dember*s r e s u l t s  by th e  e f f e c t  o f  th e  u l t r a  v i o l e t  l i g h t  on t h e  o y l i n d 0 t  

i t s e l f ,  M, Hake ( Z e i t a c h r , f ü r  Fays ,  Band XV H e f t  2^ 1923)  worked  w i t h  

n i n e t e e n  m a t e r i a l s  in  an E h ren ha^ f t s  form o f  M tJ l ik a n * s  e l e c t r o n  

a p p a r a t u s  and found t h a t  m e t a l s  show bo th  e f f e c t s ,  depending  on t h e  g a s  

su rr o u n d in g  t^-em and t h a t  i n s u l a t o r s  - g l y c e r i n e -  a lw a y s  show t h e  i n v e r s e  

jp e f f e c t  in  g a s e s ,  Wasser ( Z e i t s o h r ,  f i i r  P>iya, Band 2 7  H e f t  4  1924)

f i n d s  t h a t  mercury  d r o p s  in  n i t r o g e n  and c a r b o n - d i o x i d e  g i v e  t h e  i n v e r s e  

e f f e c t  when c f  c e r t a i n  s i s e s  o n l y  ( s m a l l ) ,  E , J , L o r e n t s  ( P h i l ,  k^g .

V o l ,  i  1926)  c o v e r s  th e  same ran ge  o f  r a d i i  as  th e  p r e v i o u s  e x p e r i m e n t e r  

but cannot o b t a i n  th e  e f f e c t .  He worked  w i t h  f i f t y  d r o p s  o f  o i l  o f  

var ' f ing  d i a r e t e r s  in  a i r ,  n i t r o g e n ,  h y d r o g e n ,  c a r b o n - d i o x i d e , oxygen  

and h e l iu m ,  f i f t y  d r o p s  o f  g l y o e r i n e  i n  a i r ,  n i t r o g e n ,  and h y d r o g e n ,  

and w i t h  f i f t y  d r o p s  o f  mercury  in  a i r  and n i t r o g e n .  In  no one c a s e  

d i d  he n o t i c e  t h e  i n v e r s e  e f f e c t ,  u n t i l  t h e  s c r e e n s  keep in g  t h e  l i g h t  

o f f  t h e  p l a t e s  w ere  removed ,

None o f  th e  a b o v e  o b s e r v e r s , h ow ever ,  have worked  w i t h  

th e  a l k a l i  m e t a l s ,  though i f  th e  p o s i t i v e  p h o t o - e l e c t r i o  e i s s i o n  e x i s t s  

i t  seems^ a p r i o r i ,  p r o b a b l e  t h a t  t h e s e  m e t a l s  would  e x h i b i t  t h e  e f f e c t  t o  

a g r e a t e r  d e c r e e  than o t h e r  m e t a l s ,  known t c be much l e s s  a c t i ve  a s  

r e g a r d s  th e  nor  .a 1 e~ f tea i .  A lso  t h e  r e c e n t  o b s e r v e r s , w i t h  t  e
J>u

e x c e p t i o n  o f  B r i d g e ,  o b s e r v e d  t h e  b e h a v io u r  o f  a c e a t a i n  number 

( s a y  f i f t y )  o f  d r o p s  o f  th e  s u b s t a n c e , Dember, h o w ever ,  found t h a t  th e
~ I 3

p o s i t i v e  c u r r e n t  was o f  t h e  o r d e r  o f  iO amps,  duâ t o i ^ a u ^ a i  ûc

, so t h a t  th e  p r o b a b i l i t y  o f  a d rop  be ing  c h a r g e d  

n e g a t i v e l y  i s  10 t i m e s  a s  g r e a t  as  t h e  p r o b a b i l i t y  c f  i t  p i c k i n g  up a  

t i ff igsi tive c h a r g e ,  With o n l y  f i f t y  d r o p s  being  c o n s i d e r e d  i t  w ou ld  be

p o s s i b l e  to  o v e r l o o k  t h e p f f e c t  e ven  i f  i t  d i d  e x i s t !
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EXPERXmSTS ON THB, POSITIVE PHOTO-^EUüTRIG EFFEQf 

à.oî)aratu8 uggcf.

A g J a s s  huih XO om. i n  diam&tGr w i t h  two in l& t  tub^a ,  mhioh 

t e r m i n a t e d  in  a b o t t l e  neck  was need .  S e a l e d  through  t h e  i n o e r t e d  

end o f  t h e  neck  a s  shown mas a f i l a m n t  o f  p l a t i n i u m  w i r e ,  so t h a t  

t h e  l o o p  mas a t  th e  c e n t r e  c f  th e  s p h e r i o a l  b u l b .  Round th e  

f i l a m n t  but  no t  to u ch in g  i t  mas a s p i r a l  o f  p l a t i n i u m  w i r e ,  T îua

th e  f i l a m e n t  mas s u rro u n d ed  a t  th e  s i d e s  and b c t t c m  by a g r i d  and

both  f i l a m e n t  and g r i d  c o u l d  be e l e c t r i c a l  1-g h e a t e d ,  A f i n e  p l a t i n i u m  

w i r e  was s e a l e d  th rcugh  t h e  bo t tom o f  t h e  bu lb  to  n^ake c o n t a c t  w i t h  

th e  p o t a s s i u m  which was t c  a c t  as  th e  t h i r d  e l e c t r o d e ,

A g l a s s  b o t t l e  c o n t a i n i n g  c l e a n  p o ta s s iu m  was a l l o w e d  to s l i d e  

down one c f  th e  s i d e  tu b e s  u n t i l  s t o p p e d  fry a c c n s t r i o t i c n ,  Bg 

means o f  th e  o t h e r  s i d e  tu b e  th e  tube  was c o n n e c t e d  t o  l i q u i d  a i r

t r a p s  and a merourf d i f f u s i o n  pump backed  Uf a pump.

A f t e r  baking and pumping o u t  w i t h  th e  g r i d  and f i l a m e n t  gl '^wing and  

th e  c h a r c o a l  t u b e  h e a t e d ,  th e  p c t a s e f u m  was run o v e r  t h e  c c n s t r i o t i c n , 

w h i c h t h e n  s e a l e d  c f f .  T h is  was done w h i l e  t h e  pumps mere ^ecrking 

and th e  l i q u i d  a i r  trc jp a  h e l m  c o o l e d .  A f t e r  f u r t h e r  pumping t h e

t u b e  m̂ Q s e a l e d  o f f  and l e f t  o v e r n i g h t , Then t h e  p o t a s s i u m  was

h e a t e d  s l i g h t c n o e  more and run  down t o  th e  bo ttom c f  th e  b u lb  to  

it-.ake c o n t a c t  w i t h  the  p l a t i n i u m  w i r e .

The g lo w in ;  f i l a m e n t  a c t e d  as a s o u r c e  o f  l i g h t  and in  so  do in g  

g ave  o f f  th erm io n s  both n e g a t i v e  and p o s i t i v e , '  th e  l a t t e r  e m i s s i o n  

w ould  c f  c o u r s e ,  a lm o s t  d i s a p p e a r  w i t h  c o n s t a n t  g lo w i n g  and a f i e l d  

h e l p i n g  th e  e ‘ i a s i o n .  I f  a p o a i t i * ‘>e p h o t o - e l e c t r i c  e f f e c t  d i d  e x i s t  

^ t h e r e  would be p o s i t i ' ^ e  and n e g a t i v e  p h o t o - e l  e c t r i o  c u r r e n t s  from  

both  t h e  p l a t i n i u m  p r i d  and t h e  p o t a s s i u m ,  When th e  c o n n e c t i o n s  a r e  

a r r a n g e d  a s  shown in  d iagram 2 ,  th e  n e g a t i v e  c u r r e n t  from th e  g r i d
jo&tduî Cutv-̂

and th e  p o s i t i v e  from th e  a l o n e  a f f e c t  th e  qu adran t  e l e c t r o m e t e r .

The g r i d  i s  n e g a t i v e  w i th  r e s p e c t  to  t h e  potass ium,  so  t h a t  a n f  e l e c t r o n s  

front th e  m t a l  a r e  tu rn ed  back ,  w h i l e  am; p o s i t i v e  p a r t i c l e s  from th e  

p o t a s s i u m  a r e  a t t r a c t e d  a c r o s s  t o  th e  g ^ i d  l e a v i n g  a n e g a t i v e  c h a r g e
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on th n  %32iDn th n  ko^ S ,  I 3  o p o n , onunoG r  r i i f i g n t l o n

o f  th o  Doo4lc^ o r  th e  o la c t r o n n te ^ #  Tho f l o l d  b o tv o o n  th e  TXlnryyn^ ond 

fe;;dd *111 ^ s a i  b w k  (my o lo c t r o i i s  o m it to d  fro m  t b o  f l l ^ o n t .  'ü34oro 

may bn a  n o g a t lv o  p h o to « ^ io c t r l o  o i i r ro n t  fro m  co%%l

r o s c h  th e  i:otoA8iuuii aaà  d h a rg o  In  the- sa n o  loc^mor a s  th o  p o s i t i v a  e a r r c ü t  

I t  uouiiu  a o . t o y  p o s i t i v e  p t o t o - o l G o t r i o  c u r r e n t  f r c n  th o  

g r i d  IS 111 bo tu m o d  b a c h  * ^ . 0  h l ,? h o o t t h r e s h o l d  f r o ^ o n o y  o f  r^ ta o /s lu

I n  )moi^x t c  bo  w o n  I r  th o  I r f r a ^  ro d  p o r t i o n  o f  th o  sn o o tz tm »  vhtulo 

U ic t  c f  th o  p l a t t m n  l u  1. th e  u lt r rv --  v ie  l o t  • I f  no  e f f o r t  i n

p w lîâ c o d  u p o n  th a  o lo o tro n * jto r^  I t  w i l l  n o m  t h a t  n o  n o n l t l v o  p 'lo to —

e l e c t r i c  o u iv o n t  i s  o s i l t to d  f r o n  th o  potaooliin i^

STiio o o n s i t i v i t f  o f  th o  o lo o t ro iu o to r  w as s u c h  t h a t  w i th  X20 v o l t o

0 0  th o  n o o d lo  and  a  n o to n t la X  d lffo ro j- io o  o f  ono  v o l t  bo tw oon  w*) cuadiTtmt

th o  d o il -o c tlo jî  p ro d u c e d  w ould  bo 14-- cm s, on th o  i a n f  sc ^ io *  Z*c

c a p a c i t y  o f  t h e  s y s te m , th o  o lo a tr c a a o to r  a n i  th o  b u lb  I n  s o r l o s ,  w m

T iry  m o a rly  100 o n e .

to  a s lig h t  ï -̂ai.’̂ lâ£ up o f tho soa llag  wax hoy aijd o lsc  to

a  SEmeli lo?.k  a o ro e s  th o  ln $ i4 o  o f  th o  g lo a e  c u l t  ovcm yhon  t i io

filaiaoiit w-ib u33hcoi>od tho isusgo s30V0d jj: tho d irootion  Irdloatiiic  a

p o n l t lT o  c h a rg in g  u p  o f  th e  p o t  a s  slim #  P o r tu n a to ly  i t  v e s  m t  to o

f a s t  t o  Vo tim e d  mid w as o o B e ta u t o v o r  a  s ix o rt rc u c o  o f  t im e ,  lo i-g

f u r  tioasu rG m enio  t o  bo takos^r Tho o f  f o o t  lo o h o d  f o r  w ould

momi a  s t i l l  sXowor rcÆo o f

Pb chj-3‘4jC in  tl\ r a te  o f ohargi?c was i^ t ic c d  w it 11 th e  f llc r io n t

C5i?.r5,w.t roec to  a Vi;Xuo o f 1#8 oiegs. t?r*oi> Uio oboorvalloiiS ahawod that

zh o  up uf tho pota'.r,lvjû p o s lt iv o ly  wont on a t  -. ijlo^^cr rai-o

T h lo  m l j i t  ix -3s l b l y  bo  duo  t o  o lo c t r o n a  fro m  ti io  h o t  f i i a m o i 't  o s o rp lî^ ,

b e t? /o c îi ta.vù TTifidlngo o f  th o  g r i d  m ilc h  w cro  r a t h o r  wide* how ovor a t  t i
th l<



(3J

p a r t t o u i a r  t e m p e r a tu r e  th e  n e g a t t o e  c u r r e n t  was g u t t e l a ^ ^ - ' ' ^  f 

i g r 0a t& r  th a n  XO ampd),

A a to p  Qlook r e a d in g  t c  #2 aeaonâa uaed and i t  m u l d  ha^e

been eas t /  tc  d e t e c t  a change o f  r a t e  c f  I cm  ̂ i n  t e n  seocndSe

0
1 . 5  atr,pe^ 
0

1 .6
0

i *7 "
0

I .B  **

Tlm^^fcr^AmjiÊ.  aae z i ,

10*2 s e c o n d s  
10.2
1 0 . 4  
10 .2  
1 0 . V
1 0 . 4  
10,2  
11.2

The d i f f e r e n c e  c f  p à t e n t i a l  b e t m m  th e  p o t a s s i u m  and th e  g r i d

Toaa 96 v o l t s ;  s u f f i c i e n t  t c  s a t u r a t e  t h e  n e g a t i v e  curr-ents  a t  th e

te m per  t u r e s  e u p lo i / e d . A change i n  t h e  r a t e  c f  c h a r g in g  up c f  one
-/j.

Q o n t i ^ e t r e  i n  10 aeocnda w o u ld  mean ,3 p h c t c s l e c t r i o  c u r r e n t  c f  10

amps.  For th e  p o t e n t i a l  d i f f e r e n c e
I

lÀiû ^boo e l e c t r o  s t a t i c  u n i t s .

ôapacîtÿ

C X 10 
100

E.S.Ü.

140 X SCO

Æ .
- i

U . S . a .
- I Z

_ i _  X L x  10 nrtpB.t . f-- of
^  - / 3
\  10 amps

Ifenoe a c u r r e n t  c f  t h i s  o r d e r  c o u l d  e a a i l i /  haiie been d e t e c t e d .  

Dember found t h e  r n t i c  c f  h i s  n e g a t i v e  t o  p o s i t i v e  p h o t o - e l e c t r i c

c u r r e n t s  to  be 10  * 10 , whereas  t h e s e  e x p e r i m e n t s  g i v e  t h e  r a t i o
Va s  m r e  than 10 » 10 I  ,

I f T ^
Hence i  f  t h e  p o s i t t m  p h o t c - e l e d t r i o  e f f e c t  d e e s  ooour  i t  i s  a t  

l e a s t  a t^^ouaand t i m e s  s m l l e r  than t h e  c u r r e n t  which  Dember  

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



m m S H O L D  FREQÜENGXE2  OF POTASSIUM

B e t t s  was th e  f i r s t  t o  o b s e r v e  p h o t o - e i e o t r i o  phenomena and 

one o f  th e  f i r s t  f a c t a  which a p p e a r e d  was t h a t  c n p j  c e r t a i n  k in d s  o f  

l i g h t  were i n s t r u m e n t a l  in  l i b e r a t i n g  e l e o t r o n s . In  e x p e r i m e n t s  in  

c o n n e c t i o n  w i t h  e l e c t r i c  o s c i l l a t i o n s  he  n o t i c e d ,  w h i l e  us ing  two  

s p a r k  g a p s ,  t h a t  t h e  maximum l e n g t h  o f  t h e  s p a r k  was s m a l l e r  i f  one was  

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

one s p a r k  gap from th e  o t h e r  t h e  chanfie d i d  not  o c c u r ,  w h i l e  r o c k  s a l t  

d i d  n e t  hind(*r th e  a c t i o n .  Thus Bert'^ showed t h a t  u l t r a  v i o l e t  l i g h t  

was th e  oause c f  t h e  l e n g t h e n i n g  o f  th e  maximum s p a r k ,  Hal lswach  

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

ch a r g e d  b o d ie s  and found t h a t  n e g a t i v e l y  ch arged  b o d ie s  became 

d i s c h a r g e d , no e f f e c t  be ing  p roduced  on p o s i t i v e l y  ch a r g ed  b o d i e s .

Again t h e  e f f e c t i v e  p o r t i o n  o f  th e  l i g h t  u s e d ,  t h a t  f rom an a r c  lamp,  

ipas found t o  be in  th e  u l t r a  v i o l e t  p o r t i o n  o f  the s p e c t r u m ,  

m i l s w a o h  a l s o  found t h a t  m e ta l  d i s c s  e x p o s e d  t c  u l t r a  v i o l e t  l i g h t  

a q u i r e d  a p o s i t i v e  charge  and as  a r e s u l t  o f  h i s  i n v e s t i g a t i o n s
fee

c o n c lu d e d  t h a t  t h e  l i g h t  c a u s e d  th e  p l a t e  t c  U s e  e l e c t r o n s  which t r a v e l l é  

a m y  from i t  a lo n g  th e  d i r e c t i o n  o f  th e  l i n e s  c f  f o r c e ,

E l s t e r  and G e t t e l  (Ann. d .  P b y a i k  52 iOSdJ found t h a t  

o r d i n a r y  d a y l i g h t  was e f f e c t i v e  in  t h e  c a s e  c f  th e  i c r e  e l ec t r o -^  ' 

p o s i t i v e  m e t a l s .  They e x p e r i m e n t e d  on r u b id iu m ,  p o t a s s i u m  and sod ium,  

u s in g  a a e r i e s  o f  f i l t e r s  and found t h a t  o n l y  w i t h  r u b id iu m  was t h e r e  

any a p p r e c i a b l e  e f f e c t  w i t h  r e d  l i g h t  w h i l e  m x im a  oocu red  w i t h  y e l l o w .

The more e l e c t r o  p o s i t i v e  th e  me ta l  th e  l o n g e r  th e  wave l e n g t h  w i th  

( c/i i t  ifÿ a c t i v e ,  J ,J ,T h om son  found t u a t  a p o s i t i v e l y  ch arged  metal  

p l a t e  p l a c e d  o p p o s i t e  a s u r f a c e  o f  s c d i u m - p o t a s s i u m  (ïïaK) a l l o y  o r  

r u b id iu m  l e s t  i t s  c h arge  e v e n  in  th e  d a r k ,  p r e s u m a b ly  due to  t h e  i n f l u e n c e  

c f  long  w a v e s , Expér im enta  c a r r i e d  o u t  w i t h  o t h e r  r a t a l s  showed t h a t  

the  p h o t o - e l e c t r i c  a c t i v i t y  increase : :  wit':, d e c r e a s i n g  wave l e n g t h ,  and  

Hallswaoh found t  ie same c c c u r e d  w i t h  t h e  a l k a l i  m t a l s .  *Pie 

apnar^prt d t a a f r e e m n t  be tween  th e  r e s u l t s  o f  FIs t e r  and O e i t e l  and  

Hallswaoh f o r  th e  a l k a l i  m e ta l s  was e x p l a i n e d  by Pohl and P r in g s h e im



mho showed t h a t  th e  a c t i v i t y  depended on th e  a n g l e  o f  in o id e n o e  o f  the  

l i g h t .  With norjsal  i n d d e n o e ,  when t h e  e l e o t r i o  v e c t o r  i s  p a r n l l e l  

to  the  s u r f a c e  t h e  a c t i v i t y  i n c r e a s e s  w i t h  th e  f r e g iw n o y  c f  t h e  l i g h t  

but in  o t h e r  o a s e s  the e l e c t r i c  v e c t o r ,  mhioh i s  p a r a l l e l  t c  th e  p l a n e  

o f  i n c i d e n c e , p r o d u c e s  n maximum f o r  some p a r t i c u l a r  wave l e n g t h .

In  th e  c a s e  o f  sod ium p o t a s s i u m  a l l o y  i t  i s  a t  abou t  4000 a u .  These  

a r e  th e  ^^normil** nnfl **aelectice** e f f e c t s ,  Compton and R ichardson  

found t m  maxima f o r  th e  p h o t o - e l e c t r i c  a c t i v i t y  in  t h e  c a s e  o f  sodium  

and co n o lu d ed  t h a t  th e  normal e f f e c t  a l s o  e x h i b i t s  a maximum, but th a t  

i t  i s  f u r t h e r  i n  th e  u l t r a  v i o l e t  p a r t  o f  th e  p p ec t ru m  than t h a t  

p r o d u ced  h>/ th e  s e l e c t i v e  e f f e c t .

The r e l a t i o n  be tween  the  wave l e n g t h  c f  th e  i n c i d e n t  l i g h t  

and t h e  v e l o c i t y  o f  th e  e m i t t e d  p h o t o - e l e o t r é n s  engaged  th e  a t t e n t i o n  

c f  i n v e s t i g a t o r s  f o r  some t i m .  Ladenburg and Markau o b t a i n e d  

v e l o c i t y  d i s t r i b u t i o n  c u r v e s ,  by measuring th e  p h c t c - e l e o t r i c  c u r r e n t  

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

Ladenburg  found t h a t  h i s  r e s u l t s  c o u l d  be r e p r e s e n t e d  by th e  r e l a t i o n
V lit ttCe. joerbë̂ XiZa-ü.

« c o n s t a n t ^ o r  th a t  zhe i n i t i a l  v e l o c i t y  was p r o p o r t i o n a l  to  th eJV a

f r e q u e n c y  n , IToffê ,  h ow ever ,  p o i n t e d  o u t  t h a t  t h e y  a l s o  c o u l d  

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

th e  s c u a r e  c f  th e  i n i t i a l  v e l o c i t y  was p r o p o r t i o n a l  t o  th e  f r e q u e n c y .  

With th e  s h o r t  ra n g e  o f  4—- r  " v, -:p; .— f tmve  lengthsFOOO au

to  2700au ,  i t  was i m p o s s i b l e  t o  s a y  rahether p o i n t s  o f  th e  graph  Iw j  on 

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

J ,K u n e ,  working w i t h  Hak a i i o y  was in  f a v o u r  o f  th e  se c o n d  c o n c l u s i o n  

but the  d i f  r i c u l t y  o f  o b t a i n i n g  a p e r f e c t l y  c l e a n  s u r f a c e  and so  o f  

p r e p a r i n g  the  m e ta l  in  th e  same c o n d i t i o n  on two s u c c e s s i v e  o c c a s i o n s  

a g a i n  i n t r o d u c e d  some d o u b t .  The work o f  S i^ h es  g a v e  e v i d e n c e  in  

f a v o u r  o f  v ^ i-K  He a l s o  p r o d u ced  much c l e a n e r  s u r f a c e s  by d i s t i l l i n g  

th e  m e ta l s  on t c  a s t r i p  in  vacuo and u s e d  an im proved  t y p e  c f  

monochromator. R e s u l t s  o b t a i n e d  w i t h  v a r i o u s  m e t a l s  showed th e  

s e c o n d  r e l a t i o n  t c  be th e  one which b e s t  e x p l a i n e d  th e  f a c t s .
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The é m i s s i o n  w i l l  oeaae a l t o g e t h e r  belcm a c e r t a i n  d e f i n i t e  f r e q u e n c y  

d e t e r m i n e d  bt/ th e  r e l a t i o n  Vo •  -kjo

As e a r l y  aa îBOB R iohardgn  had measured the^worh f u n c t i o n .

s Mi- V-M TKû th e r m i o n i c  e m i s s i o n  from a h e a te d

m e ta l  i s  g o v e r n e d  by th e  r e l a t i o n  C * Aî*^£ ^  b<. a  ^

T b e inp  t h e  t e m p e r a t u r e  t o  which th e  m e ta l  i s  r a i s e d ,  A a c o n s t a n t ,
. 0  (j ^

tr/5^  th e  work f u n c t i o n  and  -m-Vm t h e  gas  ccrs tan t  f o r  one
a

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

"p th e  r e s u l t s  g a v e  a cu rve  convex  to  th e  o r i g i n  , c f  which t h e  l e f t  

y^and p o t t i o n  a p p r o x im a t e d  t c  a s t r a i g h t  l i n e .  x-Wx

' r\3^dored-i â. v a lu e  f o r  t h e  c o n s t a n t  b can be o b t a i n e d  by meas-
I

u r in g  t h e  s l o p e  o f  t h e  l i n e  w i t h  r e s p e c t  to  th e  -p a x i s .  For sodium
ttf

t i e  v a l u e  o f  b o b t a i n e d  was 3 , 1 6  X 10 , which c o r r e s p o n d e d  t c  a v a lu e  

2 , 6 3  in  e q u i v a l e n t  v o l t s .  The measurements  were  o b t a i n e d  u s in g  a 

s t e e l  tu be  which  c o u ld  be p l a c e d  in  a s m a l l  f u r n a c e .  I n s i d e  was a 

he 1 low  semi c i r c u l a r  c y l i n d e r  o f  I r a s s ,  w h i l e  a p l a t i n i u m  w i r e  was 

s t r e t c h e d  a lo n g  th e  a x i s  o f  t h e  c y l i n d e r .  Smal l  c u b e s  o f  acdium were  

p l a c e d  on the  b r a s s  c y l i n d e r  and a f t e r  h e a t i n g  i n  t ' l e  e v a c u a t e d  tu b e  f o -  

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

t u b e .  The tu b e  was e v a c u a t e d  by means o f  a Oaede pump and l i q u i d  

a i r  on a c h a r c o a l  tube  and ty^e l e a k  f rom th e  tube  t c  th e  w i r e  g a v e  

th e  th e r m i o n io  c u r r e n t s .  The method o f  i n t r o d u c i n g  th e  n^etai would  

n e o e a s i t a t e  t h e  p r e s e n c e  o f  some o x i d e  and g a s e s  which  Vie Gaede pump
fLe/ot. ^ wt K/ojt to

c o u l d  not  r em o ve , .^would d o u b t l e s s  fcr:-: a t h i n  f i l m  on t h e  me ta l  

a u r f a o e ,  th us  g i v i n g  a h igh  m l u e  f o r  th e  t h r e s t i c l d  f r e q u e n c y .  I t  

was s u g g e s t e d  t  a t  t  o p l a t i n i u m  w i r e  might g r a d u a l l y  g i v e  o f  f  i t s  

a b s o r b e d  hydrogen  and t h i s  a l s o  would l e a d  to  a h igh  r e s u l t .  A lso  

d i f f i c u l t y  m a  e x p e r i e n c e d  in  s a t u r a t i n g  th e  th e r m i o n io  c u r r e n t s .

I n  1910 Pohl and Pr in gah e in *a  work on measurements  o f  t h e  

p o s i t i o n  o f  t h e  maximum f o r  th e  s e l e c t i v e  p h o t o - e l e c t r i c  e f f e c t  g a ve  

a p p r o x im a t e  v a l u e s  f o r  t h e  t h r e s h o l d  f r e q u e n c y  Vc. f f -



T /  y^a^reprea&ntQ the  ^fregmnay a t  mhioh th e  z-aximum o ccu rc  th en

"  i*Vo* Pohl and Pr tngs? ie in  found  / o r  p o t a s s i u m  to  be abou t

4400 AU and f o r  sodium 3350 AU, These  r e s u l t s  would  i n d i o a t e  t h a t

Vo f e r p o t a s s i u m  I c  somewhere near  4 , 5  X l o  and f o r  sodium  6 .0  X 10

When R ic h a r d s o n  and Compton w ere  i n v e s t i g a t i n g  t h e  r e l a t i o n

be tween  e x c i t i n g  f r e q u e n c y  and th e  v e l o c i t y  o f  th e  e j e c t e d  e l e c t r o n

t h e y  a l s o  found a maximum p h o t o - e l e o t r i o  a c t i v i t y  o c u r i n g  in  th e  c a s e

c f  sod ium ,  fhei} were  u s in g  a new t y p e  o f  mcnochroTnatéG i l l u m i n a t o r ,

which g a v e  a s t r o n g  and a c c u r a t e l y  monoohroniatio beam o f  l i g h t ,  and

■'i)0cckjpuXQtxeb.n t h e  b u lb  by means o f  a Gaede pump and uainr l i q u i d

a i r  on a oh arooa l  tu b e .  The sod ium was p l a c e d  i n  p o s i t i o n ,  the  bu lb

e x h a u s t e d  and th en  th e  sod ium  c u t  Zr/ a raffor b la d e  drawn downwards by

th e  a t t r a c t  ten  c f  an e x t e r n a l  magnet on  a p i e c e  o f  s o f t  i r o n  a t t a c h e d

t c  t h e  b l a d e .  D i f f i c u l t y  was e x p e r i e n c e d  i n  m k i n g  o b s e r v a t i o n s

be c a u s e  th e  s u r f a c e  f a t i g u e d  ver^y r a p i d l y  owing t c  t h e  f r e s h l y  o u t

s u r f a c e  bein,  im e H a t e  l y  a t t a c k e d  and o o n t a m i n a t e d , However ,

th e  c u r v e s  showed t h a t  a maximum c o o u r e d  i n  the c u r r e n t s  and i t s  
p o s i t i o n  showed t h a t  a Vo was i n  t  ,e  n e ig h b o v r h c c d  o f  5 , 1 5  X SO ,

The n e x t  y e a r  1913 ,  R ic h a r d s o n  and Uompton r e p e a t e d  t h e i r  

o b s e r v a t i o n s  m t th  sodium,  u s in g  th e  same p r o c e d u r e  t o  e xh au s t  th e  

b u lb  a s  b e f o r e ,  but  i n s t e a d  o f  c u t t i n g  t h e  sodium in  vaouc th e  c l e a n

Burfaoe  was d i s t i l l e d  on t c  a m e ta l  s t r i p .  T h is  t i m e ,  a l th o u g h  th e

c u r r e n t s  showed f a t i g u e  t h o  mximum d i d  not  s h i f t  w i t h  t h e  l a p s e  c f  

t i m e .  The ran ge  o f  warn l e n g t h s  u sed  was g r e a t e r  than  b e f o r e  and two  

m x i m a  o o c u r e d , t h e  f i r s t  w i t h  a waits l e n g t h  o f  360DAU and t h e  

s e é o n â  further^ i n  th e  u l t r a  v i t à l e t  a t  2270  au ,  I t  was n o t i c e d  t h a t  

th e  work f u n c t i o n  depends  v e r y  l a r g e l y  on  t  o s t a t e  o f  o x i d a t i o n  o f  

th e  s u r f a c e  and t h a t  th e  f i r s t  maximum d e c r e a s e s  wicre r a p i d l y  w i t h  

f a t i g u m  than t h e  s e c o n d .  There was c o n s i d e r a b l e  o v e r l a p p i n g  i n  t h e

v i s i b l e  s p e c t r u m  so  t h a t  th e  c r i t i c a l  wave l e n g t h  o c u l d  not  be

d e f i n i t e l y  d e t e r  i n e d  but was aomewhere a b o u t  5500  AU, The maximum
//, p  v„

a t  9600  kU m u l d  g i v e  a v a l u e  5 , 5  X 10 w h i l e  t h e  5500 AU v a l u e  fo r^o
tH jCrfT Vo

g i v e s  5 , 4  X 10 , The s e c o n d  f r e q u e n c y  a s  i n d i c a t e d  by th e  s e c o n d



(iO)

mximum a t  S270 AU a c u j â  'laae a oaJue 8 . 8  X 10 t

MiZlikan p u b l i s h e d  in  th e  B i y s i o a l  Review c f  1916 an aoccunt  

o f  n long and c a r e f u l  p i e c e  o f  work,  th e  aim o f  which was t c  v e r i f y  

E i n s t e i n * s  law a^4 i n  p a r t i c u l a r  t o  o b t a i n  a p h o t c - e l e c t r i o  

measurement o f  P lanck*s  c o n s t a n t  h.  Be worked w i t h  the m e ta l s  sodium  

 ̂ and l i t h i u m  and t o o k  g r e a t  p r e c a u t i o n s  t o  o b t a i n  film, .tree s i e r f a c e s , 

j The m e ta l s  were  mounted,  so  t h a t  a k n i f e  o p e r a t e d  by e l e c t r o  magnets  

j c o u ld  shave  f i l m  from the s u r f a c e  a t  any d e s i r e d  t im e  i n  a vacuum
I

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

I mer^our /̂ p r e s s u r e .  The a p p a r a tu s  was ex h a u s ted  by means o f  a Oaede 

I m o lecu la r  pump and the s h a v i n g s  o f  meta l  h e lp e d  tc  r a i s e  th e  vacuum 

Ipj ch em ica l  a c t i o n ,  h w ide  range o f  i n c i d e n t  wave l e n g t h s  6800 AU 

to  2400 AU, were used and th e  p h c t c - e  l e e  t r i e  c u r r e n t s  e x c i t e d  by th e  

d i f f e r e n t  wave l e n g t h s  measured by m a n s  o f  an i o n i s a t i o n  chamber.

I t  was found t h a t  in  high mcuum th e  o a n tn o t  e l e c t r o  m o t ive  f o r c e  

d i d  not a l t e r  g r e a t l y  J u s t  a f t e r  th e  s u r  face had been sh a ved ,  but  

t h a t  the  p h c t o - e l e c t r t o  c u r r e n t s  would drop  t c  a t h i r d  o r  four th  o f  t 

t h e i r  i n i t i a l  "^alue in  h a l f  an hour,  ITiis m s  th e  c a s e  w i th  sodium,  

but l i t h i u m  rem ained  s t r o n g l y  p h o t o - e l e c t r i c  f o r  an i n d e f i n i t e  p e r i o d ,  

no d e c a y  being  shewn e v e r  s  p e r i o d  o f  s i x  months, P l c t i i n g  v o l t s   ̂

a g a i n s t  ^frequency g a m  a s t r a i g h t  l i n e ,  and wficn th e  c o n t a c t  

p o t e n t i a l  d i f f e r e n c e  be tween th e  sodium and the  c o p p e r  o f  th e

i o n i s a t i o n  chamber i , e ,  2 , 5 1  v o l t s  had been a l i t w e d  f o r ,  the  l i n e
, /'9

i n t e r c e p t e d  th e  a x i s  a t  yc « 4 ,3 9  X 10 , This t h r e s h o l d  f r e q u e n c y

o crreopon ds  to  a I t  i t i n g  wave l e n g th  o f  -  6800 AU, In  s p i t e  o f  

th e  g r o a t  p r e c a u t i o n s  t a k e n  M i l l i k a n  s t i l l  t w u g h t  t h a t  ^iowight he in  

e r r o r  try about iOO AW,

In 1917 ^ ,W i l sc n  measuring t h e  co m p le te  p h o t o - e l e c t r i c  

e f f e c t  from sodium p o ta s s iu m  a l l o y  o b t a i n e d  a va lu e  f o r  Vc c f  6 , 2  X 10 

The r e l a t i o n  be tween  th e  s a t u r a t e d  p h o t o - e l e c t r i c  c u r r e n t  i  and  

t e m p e r a tu r e  T i s  th e  same as t h a t  g o v e r n in g  th e  th e r m io n io  e m is s i o n
K . 4 (p

namely i * Ç T C  ̂ K be ing  e i t h e r  2 o r  z , b aga in  i s

'.oherei^a work f u n c t i o n .  The a l l „ y  was ca p a b le  o f  be ing  ta p p e d  about  

in  th e  ex h a u s te d  v e s s e l  so  as to produce  a f r e s h  s u r f a c e  a t  w i l l ,  but



(li)

in  s p i t e  o f  t h a t ,  f a t i g u e  was n o t i o e d  and aa might be e x p e c te d  a h igh
/

v a lu e  f o r  Vc o b t a i n e d .  The ,;raph o f  lo g  and g a v e  a s t r a i g h t  

l i n e  in  th e  f i n a l  ex p ér im en ta  the ugh e a r l i e r  r e  s u i t  had i n d i c a t e d  t m  

s t r a i g h t  l i n e s  i n c l i n e d  to  each o t h e r .

L a t e r ,  in  lCj22, R ichardson  o b t a i n e d  va lue s  for  Vo which agreeo  

w i t h  t h o s e  o f  W ,Fi lson ,  He ima work ing  w i t h  a l l o y  (K.f iaj in  an 

a tm osphère  o f  COGlj_ , and o b t a i n e d  oo ry  s.4C ii c u r r e n t s  w i t h  i n c i d e n t  

l i g h t  o f  - m m l e n g t h  \ 5 4 6 0 ,  i n d i c a t i n g  t h a t  the t h r e s h o l d  i s  j u s t  on 

th e  low f requency  s i d e  o f  i t ,  R e p e a t in g  us ing H i l g e r  c o l o u r  f i l t e r s  

i t  found o very  s m a l l  c u r r e n t  w i t h  ^ 4 9 1 6  which g i v e s  Vc * 6 ,0 2  X 10 .

The c l e a n  a l l o y  was Kept i n  n funne l  and a l l o w e d  tc  drop through a 

noa^le  a t  such a r a t s  t h a t  th e  d rops  c f  a l l e y  rem ained  c l e a n .  I f  th e  

r a t e  was to o  s lo w  filmB a ppeared  on th e  d r o p s ,  R ichardson  found t h a t  

d i f f e r e n t  ga s es  a f f e c t e d  t h e  p h o t o - e l e c t r i c  t h r e s h o l d  f r e q u e n c y  and  

Vo a p p a r e n t l y  p a r i e s  w i th  t r i f l i n g  changes  in c o n d i t i o n s , I n  one 

ex p er im en t  w i t h  th e  a l l o y  in  C C C l j^ i t  was n e t  p o s s i b l e  t c  o b t a i n  n 

c u r r e n t  w i t h  t h e  p u l l  iXLumination o f  a mercury lamp thrcugh t h e ^  4355  

f i l t e r ,  w h i l e  in  e t h e r  c a s e s ,  a p p a r e n t l y  no d i f f e r e n t , l a r g o  c u r r e n t s  

: w r 0 o b t a i n e d .  The t h r e s h o l d  loave l e n g t h  i s  h ig h e r  than  X 5460  

when the a l l o y  i s  in  COül^, but  when in  c h l o r i n e  i t  i s  l e s s  than  A 4355,  

In  some c a s e s  w i t h  waters v a p c u t  p r e s e n t  our'^ents were o b t a i n e d  w i t h  

X 4355,  A 5460 ,  X 5 7 9 0 ,  so  t h a t  when w a te r  vapour  i s  p r e s e n t  

the  v a lu e  o f  Vo can l i e  in  the  i n f r a  r o d ,  ffie method o f  ex^iaust^'on 

in  t h i s  c a s e  was w i t h  a Gaede pump backed by a Qeryk ,

In  th e  f o l l o w i n g  y e a r  Young c a r r i e d  ou t  some e x p e r im e n t s  cn  

th e  th erm io n io  and p h o t p - e l e c t r i c  p r o p e r t i e s  o f  p o t a s s i u m .  The 

m eta l  was p u t  i n  a s i d e  tu b e ,  f r e e d  from naptha by e x h a u s t in g  w i t h  

a rnugh pump, warmed sc  a s  t o  run thrcugh i n t o  th e  main t u b e ,  / t  

f i r s t   ̂ f i l m  forme" e v e r  th e  s u r f a c e  hut a f t e r  c o n t i n u e d  ? ieat ing th e
L I

s u r f a c e  remained b r ig h t  i n d e f i n i t e l y , On p l o t t i n g  I c g f ^  a g a i n s t

th e  graph o b t a i n e d  was net  in  g e n e r a l  r e c t i l i n e a r , a l t h c u g h  in  seme  

c a s e s ,  on f i r s t  h e a t i n g  th e  m t a l  a f t e r  a day o r  two*a r e s t  a s t r a i g h t  

l i n e  mas o b t a i n e d .  The c u r v e s  were o cn t in u c i i s  from th e  s o l i d  t c  th e  

l i q u i d  s t a t e ,  no break  o c c u r i r ^  a t  th e  change o f  s t a t e .  The c u r r e n t



p o t e n t i a J  d i f p - r e n o e  Gurvea however  wore o f  p e o u l i a r  shape in some 

c n a m ,  e s p e j t n l l y  near th e  hen d , cor^'^sponding to  c u r r e n t s  J u s t  l e s s  

than t h e  s t u r a t e d  o u r r e n t . F o r t e m p e r a tu r e s  n&cr SOO°C v a lu e s  o f  h
a

\ from 1,3)  to  1 , 5 $  X JO , c o r r e s p o n d i n g  t o  e q u i m l é n t  c e l t s  ,09  t o  1 ,32  

mere o b t a i n e d ,  h f o r  t e m p e r a tu r e s  abou t  3 0 '‘g m r i e d  from ,5 0 3  t o  

.576  X 10 c o r r e s p o n d i n g  t o  ,463  t c  ,694  e q u i v a l e n t  v o l t s .  A l l  t h e s e

, a r e  l e s s  than Richardson*& v a l u e  o b t a i n e d  in  19Q3: Young's p h c t c -
ofttôÛuŷ Ji

I e l  e c t r i o  neasrcrcxients gave h ig h e r  v a l u e s .  The ci/rves^ from c u r re n t

p l o t t e d  a g a i n s t  w ave len g th  be ing as shown 
gave  1 ,6 6  t c  2 , 0 2  in  e q u i v a l e n t  v o l t s  o f  ^

; i f  the t a l l  o f  th e  c u r ve  i s  a t t r i b u t e d  to  
s c a t t e r e d  l i g h t  1 ,7 2  t c  1 , 7 7  v o l t s .

The th r e s h o l d  mace le n g th  was be tween  A 6640

' and A 6 i 2 0 ,  R ichardson  has g i v e n  an

e x p l a n a t i o n  o f  th o  p h o t o - e l e c t r i c  mcrk f u n c t i o n s  be ing  h ig h e r  th a n ^

t h e  th e r m io n ic  o n e s .  This  i s  the  t h e o r y  c f  'p a t ch es *  . V i th  a

metal  s u r f a c e  hav ing  areas  each w i t h  i t s  o h a r a c t e r i a t i o  work f u n c t i o n ,

two o r  more, l o c a l  e l e o t r c s t a t i o  f i e l d s  m i l l  he s e t  up under th e

i n f l u e n c e  o f  h e a t  o r  in c i d e n t  l i g h t  o f  th e  c o r r e c t  mni' ê l e n g t h ,  ! t

mas s u g g e s t e d  t h a t  th e  t h e r m i c n i c c u r r e n t  comes from t h e  p a r t s  o f  the

s u r f a c e  h av in g  low mcrk f u n o t i o n s  w h i l e  t  '.e p f i c t c - e l e c t r i c  c u r r e n t s

a r e  mere e v e n l y  d i s t r i b u t e d  e v e r  th e  whole s u r f a c e ,  fU i i^ ta l^ o u là  a l s o

e x p l a i n  th e  g r e a t e r  d i f f i c u l t y  i n  s a t u r a t i n g  th e  th e r m i o n ic  o u r r e n ta

:from a s u r f a c e .  The p e c u l i a r  shape c f  th e  c u r r e n t  p o t e n t i a l  cu r ves

p l o t t e d  l y  Yeung adght a l s o  be accou n ted  f c r  by l o c a l  f i e l d s .

In  1925 Richards  on and Young p u b l i s h e d  a n o th e r  paper  cn  th e

same s u b j e c t .  F i r s t  Rtohardacn*s  r e s u l t s  o f  1003 a r e  r e c a l c u l a t e d

from th e  a s p e c t  c f  the c u r ve  being  tmc s t r a i g h t  l i n e s  i n s t e a d  o f  one'

and n e g l e c t i n g  some o f  th e  p o i n t s .  Th is  g i v e s  t h e  two work fu n c t io n s

in  e q u i v a l e n t  v o l t s  aa 3 , 9 6  and 1 , 3 7 ,  The f i r a t  a g r e e s  f a i r l y  w e l l

w i t h  R ioh ardscn  and Compton*s p b o t o - e l e o t r i o  va lue  f o r  t ' le  s econ d

t h r e s h o l d  i , e ,  3 , 6 3 ,  but  1 , 3 7  i s  v e r y  1cm when compared w i th  t h e

p h o t o - e l e c t r i c  v a l u e s  1 ,6 2  to  3 , 5 6  o o l t a .  These e x p e r im e n te r s

worked  wi th  p o t a s s  iu/r in  a vaouum o b t a i n e d  w i th  mercury d i f f u s i o n

pumps and th e  m t a l  s u r f a c e  c b t a i n e d  by m e l t i n g  th e  m e ta l  away from



from t h e  u x idc  s k i n  and ( jo n t in u f in g  h e a t i n g  u n t i l  th e  s u r f a c e  r e m a in e d  

c l e a n .  The p o t a s s i u m  s u r f a c e  was s e m i t i s e c  ijg p a s s i n g  a luminous  

d i a o h a r g e  be tween  th e  th e  m e ta l  s u r f a c e  and t h e  e l e c t r o d e  when in  an 

a tm o sp h er e  o f  about ,1pm. o f  hydrogen,t^bp>(h^<Lhj h e a t i n g  p a l l a d i u m  

t u b e s .  hydrogen  was t h e n  pump&d o u t .  The p h o t c - e i e o t r i o

c u r r e n t  was p l o t t e d  n g a in c i  t  o wave l e n g t h  and one maxizmf was found 

b e f o r e  serve i t  i c i n g  w h i l e  two were  p r e s e n t  a f t e r .  T h i s  s e n s i t i s e d  

t u r f a o c  gave  an e m i s s i c n  cc r r çQ ponding to  a t h r e s h o l d  o f  abou t  

TVq-* iO,0-OACh The t h r e s h o l d  o f  th e  u n s e n s i t i s e d  p o t a s s i u m  was about  

7000 AU tDhicn a g r e e s  w i t h  o t h e r  imlu&s c f  A a  W  A*. U n c e r t a i n  

t r a c e s  c f  a t h e r m î o n ic  t h r e s h o l d  a g r e e i n g  w i t h  t h i s  were  found a t  

200  0 ,  but  t h e  u su a l  ones a r e  much lo w e r ;  a usua l  one a t  th a t  

t e m p e r a tu r e  b e in g  10 ,0 0 0  AU. Ano ther  th er ia ion io  t h r e s h o l d  coou rs  

a t  abou t  3 0 , 0 0 0  AU, but  e v e n  the s en s  i i i s e d  p o ta s s iu m  showed no t r a c e  

o f  t h i s .  The g lew  d i s c h a r g e  î jeing p a s s e d  in  th e  p r e s e n c e  o f  hydrogen  

o r  w a t e r  va p o u r ,  h e s iu o s  b r i n g i n g  out undeve loped  t h r e s h o l d s  

i n c r e a s e s  th e  n o r m l  e m i s s i o n .

R ic h a r d s o n  and B r o t h e r t o n  h a m  shown t h a t  th e  p r e s e n c e  o f  

v a r i o u s  g a s e s  de c r e a s e s  th e  v a l u e  o f  t h e  t h r e s h o l d  f r e q u e n c y .

D e a l i n g  wi th  acd ium p o t a s s i u m  a l l o y s  o f  d i f f e r e n t  G o m p o s i t i cn s  t h e  

t h r e s h o l d  f r e q u e n d y  in  m o m  v a r i e d  be tween  5 , 2  and 5 . 4  X 10 w h i l e
4

in  an  a tm osph ere  c f  COGl;i  ̂ th e  v a l u e s  o f  Yc were  from 5 .0  t o  5 . 4  X 10 

Water vapour  a l s o  makes t h e  th r o  she Id  f r e q u e n c y  a l i t t l e  lo w e r  than  

in  vQOuo. In  t h i s  p a p e r  Vae d i s a g r e e m e n t  between ohemioal  and  

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

i s  a l s o  e x p l a i n e d  by R iohardson*s  t h e o r y  o f  p a t c h e s .  The s t e p p i n g  

p o t e n t i a l s  f o r  th e  v a r io u s  a l l e y s  were  m a s u r e â  and graphs  p l o t t e d  

b e tween  o -V  e n d  V. ^The v a l u e s  in  GOClci were h i g h e r  th an  in  vaou o .  ^  

I f  i IS th e  c u r r e n t  a g a i n s t  an oppos in g  p o t e n t i a l  V th en  i  » i c ( i  t  v~Y)e 

i  ̂ i s  th e  s a t u r a t i o n  c u r r e n t  e n d c r  ^ / A T  . In  one e a s e  t h e  a e r o  

on t h e  V s c a l e  g i v e n  Zx/ th e  ch em ica l  9' i s s i o n  was 1 , 6 2  v o l t s .

I f  ^ s  t'U? s t o p p i n g  p o t e n t i a l  and K th e  c o n t a c t  p o t e n t i a l  be tween  

th e  two s u r f a c e s  th en
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vfe f  f r e q u e n c y  and y  « f r e q u e n c y  c f  i n c i d e n t  l i g h t .

In  one cnse^Vs  ̂ 3 , 0  X 10 when u s in g  a grx-up o f  %>?ue l e n g t h s  4247  -  58  

AU m k i n g  ^ ( i  - f o  ) * 0 ,7 7  v o l t s  7i>hich g i v e c  a » e rc  at; dot^-rsiined 

p K o t o - e l e c t r i c a l l y  » 2 , 4 6  v o l t s .  With a d i f f e r e n t  lx?n#  c f  

l e n g t h s  i n c i d e n t  t h e  a e r o  * 2 , 4 9  Thus th e  p h o t o - e l e c t r i c

d e t e r m i n a t i o n s  a g r e e  among t h e  s e l v e s , hut a r e  l a r g e r  thc^n t h a t  g i v e n  

by t h e  chem ica l  e w i s s i o n .  The d i f f e r e n c e  can be a c c o u n te d  for  i f  i t  i s  

assumed t h a t  t h e  ch em ica l  a c t i o n  dees  n e t  t a k e  p l a c e  o v e r  t h e  whole  

s u r f a c e ,  T ien  th e  va lu e  f o r  Vo i s  h i g h e r  pil\ HZt 

and t h e  sugface a c t e d  on by th e  gas i s  e l e c t r o  p o s i t i v e  t o  th e  c l e a n  

a l l o y .  T h is  a p t e e a  w i t h  t h e  low i h r e c h o l d a  which have been fou n d  

7ohen w a t e r  m p o u r  i s  p r e v e n t ,  L e f  be the- p h c t o - e l e d t r i o  t h r e s h o l d  

f requency  fo r  c o n ta m in a te d  a r e a s  and  V*, f c r  t h e  c l e a n  a l l o y »  

F h o i o - e l e c t r i o  rneasurements d e t e r m in e  th e  s y a l l o r  o f  th e s e  tw o ,  s c  f a r  

y  ̂ i n  a l l  o a s e s .  C o n ta c t  p o t e n t i a l  d i  f f e r e n o e s  d e t e r m in e d  from th e  

ohemioaX o r  p h o t c - e le a t r ù T i s iwhioh oome f rcm  d i f f e r e n t  a r e a s  w i t h  

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

a o oou n ts  f o r  th e  d i f  i ' i c u l t y  o f  o b t a i n i n g  c a t w r a t i c n  and th e  b r e a k in g  

domn oJ\}iaxme21*s  A^euQie in  the ne igh bcurhccd  o f  f jero o H s a i c n ,

I f  e l e c t r o n s  a r e  e j e c t e d  a t  tKe p e r i p h e r y  o f  a p o s i t i v &  p a t c h  th e  s lo w  

ones  w i l l  be p u l l e d  i n t o  th e  p o s i t i v e  a r e a .
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fx'OQUOdoy of potassium , by noe^juring tho oo i# lo to  photo-oloeti*io o ffo c t
7^-

\ûion in  oqu lllb rlam  w ith b lack  body vtiûXtxtlon of knomm taraporaturo.

By ho a tin g  th e  potaonlum a t  tho bottom of the  bulb w ith a email 

o io c t r ic  ho a t o r , i t  was vapourisod on I thon d: p o s i t  où in  n. th in  film  

ovor tho cool p a r t  o f tho ophorioal gurfaoo* fo proxrciii. tno vapour 

s o t t i i a g  on o r noar tho  fllam ont mid g rid  both woro hoatod turoughout 

tho  opéra tion  and m mthor c lo o tr io  boat o r was wound rcunu tho o u ts i lo  

of the  b o t t le  nook# By ropoa^S'Od hoatU>g ana qooliug of tho 

potascium  i t  was pose ib lo  to  obtalxi a oonparativo ly  th ic k  m irro r ovor 

tho -Tholo ophoriea l e a rfae o , tho  gap on tho  g laoa in  con tac t w ith  Wia 

h o t te r  boihg covered by tip p ih g  tho tube whiio tho n o ta i  »ub s t i l l  l a  

tho l iq u id  s t a t e .  In  the  o a r l le c t  oxporlaionts the  m irro r of p o tOÆslum 

vas (^ p a ro h tly  no t of s u f f ic ie n t  thioJm oss to moko good o ie o t r ic a l  

o w ta c t  over the  whole of the  su rfaoo , f o r  in o o n sis to h t roi^Üjags of 

th r  photo—o lo c t r ic  oirront©  were ok taliped: doub tless duo to  coi?talB 

p o rtio n s  o f tho  su rface  beooiiihg chcvrgod up a f t e r  su b jec tio n  'i© ra d ia tio n  

f o r  a  few Dîim tos. Sâicu tho  f l l n  o f po toasiun  waa made th ic k e r  t h i s  

d i f f i c u l ty  viinappoarod. Owing to  repeated  re f le c t io n s  o f U*o rr> lla tio ii 

om ittod by th e  f i ia a o ii t  a t  th e  bri&dt potaesium  surfaoo the i j i to r io r  

opaco i s  f i l l e d  w ith approxim atoiy b lack  body rw iia tlo a  and a t  tho  

sario tim e a frooh me 'JL su rface  could o a s iiy  to  obtaiuod by h e a t tog

& iind vapourisliiE  the  po t as s i c .  HirUioi^ooro each hoati/ig  would i^ipi’ovo

th e  conditl& ae u n t i l  a l l  tho substances which ha4boon l o f t  to  tho bulb 

capable of re a c t tog w ith potassium  iiad boon used ue#

The law  g c v o m U  g th o  r e l a t i o n  b o # o o n  c u r r e n t  an d  te m p e ra tu ro  

i n  th o  ooso  o f  th o  o om ple to  p h o t o - o i o c t r l o  o f f o c t  i s  c x p ro o se d  by
M. -  &

Q m A T o CsoG B iif 'ia rd so n  P h i l .  Iviag. V o l. 1 . 19IB )

w horo G i s  th o  s a t u r a t e d  c u r r o r t  

A t o  a  c o n s t  a n t

T i s  th o  to m p o ra tu ro  o f  th o  r a d i a t o r
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^  i s  a Qcn&iani rohioh e q u a l s  S o r  I /Z  
b i s  mr^r t u n a t i o n

A. / c r  cn e  R cJc jifJe

t h e r e f o r e  p l o t t i n g  l o g  a g a i n s t  ^^'shcuîâ g i i w  a s t r a i g h t  l i n e  -  th e

s l o p e  g i v i n g  t h e  v a l u e  o f  b.

The s a t u r a t e d  c u r r e n t s  G mere com para t i m p j  l a r g e  and a

^  s e n s i t i v e  g a l v a n o m e t e r  mas u s e d  t c  measure th e m  w- r — -f  -

c o n n ec t io n B  mere a s  shown  Hv̂ TI . The two g r i d  c o n n e c t i o n s  and one

s i d e  o f  th e  f i l a m e n t  mere o o n n e o te d  t c  th e  p o s i t i v e  s i d e  c f  a lamp hoard

i n  which th e  10 lamps mere a r r a n g e d  i n  s e r i e s  and c o n n e c t e d  t o  t h e

340  v c l t  mains ,  th e  g a l v a n o m e t e r  01 woe c o n n e c t e d  be tween  two o f  th e

lam ps ,  th e  e t h e r  p - : - -  :-~-i—  i f - 'vrx b e in g  c o n n e c t e d  s t r a i g h t  to  th e  
p o t a s s i u m  m i r r o r .  The re^  i s  tanoe  o f  th e  f i l a m e U  ^  meaatmnd a t  t h e

v a r i o u s  t e m p e r a t u r e s  hg means c f  a W h e a t s t c n e * s  b r i d g e  arrangements,

R1 and P3 m r e  twc arms c f  a P e s t  O f f i c e  box ,  and  F  was a o c i l  o f

e u r e k a  w i r e  3  m e t r e s  long im. e r s e d  in  a f l a s h  f i l l e d  w i t h  p a r a f f i n  o i l ,

which  i n  tu rn  m s  su rr o u n d e d  by a w a t e r  b a th .  The r e s i s t a n c e  o f  th e

c o i l  s a »  3 , 0 5 6  ohms.  I t s  r e s i s t a n c e  was p r e v i c i i S l y  measured a t  3 0 ° c  
 ̂ 0

and a t  100 G, nc d i f f e r e n c e  b e in g  d e t e c t a b l e , and when s u r r o u n d e d  baj a 

w a t e r  l a t h  i k e  t e m p e r a tu r e  v a r i e d  o v e r  a ran ge  c f  l e s s  th an  10^C, 

when th e  l a r g e s t  c u r r e n t s  w e r e  u s e d .  C o n s e q u e n t l y  under  th e  c o n d i t i o n s  

o f  th e  e x p e r i m e n t  i t  wns an  i n m r i a b l e  r e s i s t a n c e , The f i l a m n t  was  

H e a te d  by a b a t t e r y  c f  a a c u m u l a t c r s  a n d  th e  s t e a d y  b a la n c e  in  th e  

b r i d g e  found ,  u s i n g  a dead  b e a t  Onwccd gn lv tanom eie r , which g a v e  a 

de f l e c t i o n  o f  a b o u t  10 cm,on th e  s c a l e  f c r  a c^Lnnge o f  r e s i s t a n c e  o f  

one ohm in  th e  v a r i a b l e  arm o f  the  box.  The p h c to ^ o  l e e  t r i e  c u r r e n t s  

w ere  m i l  s a t u r a t e d  as  ia  shown b j  F ig u r e  X, th e  c u r r e n t  p o t e n t i a l  

d i f f e r e n c e  c u r v e  a c r r e s p o n d i n g  t c  a f i l a m e n t  c u r r e n t  o f  3 , 6  amps .

With th e  l a r g e s t  f i l c t m n t  c u r r e n t s  u s e d  ( 3 , 5 ) ,  s a t u r a t i o n  <oae s e o u r e d  

by h a v in g  iOB p o t e n t i a l  d i f f e r e n c e  be tween  t h e  p c t a s a i u m  and th e

f i l a m e n t ,  s o  t  i s  v a l u e  was used  th r o u g h o u t .

The g r a p h  t i e d  be tw een  ga I m  nomet e r ^ d e f l o o t  io n  and  

r e s i s t a n c e  in  th e  v a r i a b l e  arm o f  th e  box i , e ,  b e tw e e n  c u r r e n t  and  

f i l a m e n t  t e m p e r a t u r e  i n  a r b i t r a r y  u n i t s ,  was o f  th e  form shewn in
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I j i  o r 'd o r  uo 0110111*0 tz io  Isofjl/ p o ^ a ib lo  o o i id i t i o n a  tn o  

p o ta am lu m  was th em  m o lto d  o f f  th o  t f a l i s  t> f t h e  and  a  o o ^ p lo to l y

f r e a h  f i l m  d o p o s ito d *  Aa so o d  m  t h i s  f i l m  v/ac m i f f l e i o n t i y  t b l o k  

th o  o iia ix îo a i tul>o w as i im o r s o d  l i i  l i q u i d  a i r .  A o e t  o f  d o f l o o t i o r  

% r o a ie tm m o  ro a d  In g e  w as ta k cm  a b o u t  h a l f  a n  h o u r  a f t e r  th e  m i r r o r  h a d  

b o o n  d o p o o l t c d  exhi o n o th o r  s o t  ta k o B  a f t  o r  t h e  l a p s e  o f  tw o a r tl b h a l f  

h o u r s .  >?Q ithor a t  t h i s  t im e  n o r  n o : : t  n o m i n g  w as an y  f a t i g u o  no i ia o i,»  

i n  f a o t  m  w i l l  bo  m o n tic n o d  X a to r ,  the- o u r r o n t  o v o i a  c o r i a i n  r a n g e  

In c ro a fc o a  w i th  tiia e*  The o u rv o a  o b t a i r o d  v i t h  t h i s  f ro a x i f l l i .  a g r e e d  

w liu i U iûoû p r e v i o u s l y  o b ta in e d *

E y s to x id a is  e f f e c t s  w o re  o o m id o r a b lc *  H eahirg^s w oro  te h c n  

wlion t h e  fi& cm eD t e u r r r o n t  w as g r a d u a l l y  in e r o a r o d ^  b u t  i f  t a k e n  I n  

t h e  r o v e r s o  o r d e r  t h e  d i f f o r o n o o b o tw o e n  o o r r e e p o n d i r g  e u r 'r o n t  r e a / i ln g e  

w as 30 g r o > t   ̂ t h a t  f o r  t h e  lew  o a t  to t /ip o ra ta ro B  u s e d ,  t h e  d e s o o n d in g  

roevilt^g  w ou ld  b e  a s  r u o h  a s  tw lo e  t h e  a c G o n d in f  roadù ji^ ;. Tho o f  f e e t  

d i s a p p o a r e d  ci?zito r a p i d l y  w i th  t l r a o ,  i n  I,ho e a s e  o f  t h e  h ig h  

t t . ^ o r a t u r o c ,  so  r a p i d l y  a t  t o  bo  inpor-cep tab3 .o<  Though t h e  d e c a y  

a t  lo w e r te m p s , a t u r o s  w as s i  01; \  th o  or5  - 'I n a l  a c o o n d in p  r e a d in g  y o  * 11

b o  ro o c h o d  b y  lo a v ix .;; t h e  a p r a r a t u o  f o r  to n  The d e e o o iv iin g

r o a d h ig s  a r o  i n c o i 's i s t o :  t  d ep o r:d ln p  c,s # - y  do  th e  tim e  t '  . t e r x p s o e  b& 

b e tw e e n  a l te r in g . .  tU o f  1 1  a m o rt cu^o >:rt h r d  t a l J  rg  t h e  r - a d i n p s  o f  t h e  ■ 

c u i r r e n t  on:. f l l a . i c n t  r e s i s t a r c o .  Tl:e e f f e c t  d id  r o t  a p p e a r  t o  bo  

d c p o n u a n t on  t h e  cl e g . o  o f  é v a c u a t io n  o f  t h e  b u lb .

The r e l a t i o n  b o t r o o r  f i l m e n t  r o o i n t a  .ce orA  to a î> o ra .tttre  

Was fo u n d  by Oi.or-ii g t h e  b izlb  end  w i t h d r a ' i n g  th e  i l l  m o r t  en d  g r i d  and  

th o n  f i n d i n g  th o  r o s i s t m o o e  o f  th o  f io o m en t. a t  t h e  m o l t in g  p o â n to  • o f  

o o i 't a iD  c r y s t a l s .  Tho b r id g e  ar;.raigèneT  t  t/a a  e x a c t l y  th o  sa tio  a<? 

when tük ii-g ;^  r e a d i n g s  o f  t h e  p h e t o - o l o c t r i o  o u r r o n t , ai;d  rdn-A le c r y o i  olG 

o f  ë u b c ta n ü o e  lu iv ln g  v o l l  d c f in o d  me] l i n g  p n l r t s  w ore  p i e  end  c.n ih o  

fllsL - .o r .t  a t  i t o  n u t t e e t  p e r U  The c u n * e -it p a s s in g  thix> %ch th o



R G oistaaoo  h o f l o o t i o a  ô j Tcaaporàtus? J L # o O r r o n t
S fp T

4 0 0 •  50 340 1 6 .3 . 1 2 rè o 4 .6 8 5

425 1 .0 5 S60 15 . S .2 3 .7 3 2 .9 5 4

4&7 1 . CO 405 1 4 .6 #882 1 .1 2 9

450 2 ,  05 425 14 . S 1 . 0 0 2 1 .2 5 6

4 u2 3. 55 443 1 3 .9 .7 0 1 .1 3 3 1 .4 1 7

4 7 5 4 ,4 0 470 1 3 -5 •9 0 1 . 2 0 2 1 .3 1 9

457 5* SO 465 1 3 .2 1 .0 8 1 .2 7 4 1 .  994
i

soo 6 .7 3 305 1 2 .9 1 . 35 1 .3 4 b 1 .6 8 3

5/^5 7 . :o 353 1 2 . 1 1 .5 0 1  340 1 .7 1 7

3EkO 6 .  23 603 1 1 .4 1 .6 0 1 . 317 1 .7 3 2

S73 6 .6 0 657 1 0 . 6 1 .6 5 1 .2 8 1 1 .7 3 3

GOO 9 . 85 712 1 0 . 2 1 .7 5 1 . 256 . 1*736

Cg5 9 .  ( 3 777 9 .2 5 1 .6 0 1 -2 1 3 1 .7 4 5

650 1 0 , 4 0 630 9 .0 9 1 .9 0 1 .1 9 4 1 .7 3 8

673 1 . 75 150 690 6 .6 2 2 # 05 1 .1 8 1 1 .7 7 9

700 1 .9 3 920 8.4U 2 » 23 1 .1 9 9 1 -8 1 4

717 2 . 0 0 9 4 5 8 .1 9 2  S3 3 .1 9 6 1 . B2B

755 S. 60 1005 7 .8 0 4 -1 6 1*406 2 .0 6 6

762 4 .6 0 1070 7 .4 6 5 .2 1 1 .4 6 1 ;3.13S

615 6# 0 0 11S5 7 .0 9 7 .3 2 1 .5 6 8 2 .2 9 0

6JI9 9# 40 1130 6 .8 9 9 .6 2 1 .6 7 4 2 .4 1 3
1

€50 3 ,2 0 50 1 2 0 0 3 .8 0 1 2 . 0 0 1.74:5 2 .4 9 5

607 3 .6 0 1230 6 .  65 1 7 .1 3 1 .6 8 0 2 .6 4 5

676 8 . 2 0 6 .5 6 2 3 .2 6 2 .0 0 3 2 .  776

862 1 0 .4 1260 6 .  55 2 5 .7 2 2 .0 1 9 2 .8 1 7

800 1 0 . 6 1373 6 .5 3 2 8 .6 5 2 .0 7 6 2 .8 6 3
4 ^ .

9 0 3 1 6 . 0 1362 6 .3 9 35# 33 2 -1 5 4 2 .9 3 0

911 3 .6 0 2 0 1308 6 .3 5 4 1 .1 0 2 - 216 5*014

9 5 5 6 .6 5 0 0 1230 6 .1 5 69 . SC 2.  347 3*167

A f t e r  Xe.p©o o f  t l i r o o  d a ÿ s

342 9 ,S 600 1 1 .5 1 .7 3 1 . 561 1 .7 7 3

579 1 . 0 150 675 1 0 . 6 2 .  2 2 1 .5 9 3 1 .8 5 8

607 2 . 1 725 1 0 , 0 2 # 44 1 .3 6 9 1 . 8 8 8



649 2*3 150 e i o 9 .6 5 2 .7 9 1 .3 7 6 1 .9 2 0

2*5 8 S0 9 .1 7 3 .8 8 I .  389 1 .9 0 0

706 2 . 8 915 8*41 3 .3 2 1 * 333 1 .W 5

7.15 3*1 935 6 .  37 3. GO 1 .8 9 3 0*0X5

751 •5.9 1 0 0 0 7 .8 7 4* 44: 1 .4 3 8 2 .0 9 5

r \
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E c ro o  d e to n o iî ic d  th e  v a iu o s  o f  b ,  th o  e o n c t c r t s  A , mv: A^

£i£iy bo  o ia o a la t o a ^  ta k in g  p o i n t s  on t l io  g ra p h  w i t l i in  th o  rc A g o s . i&:oro 

f i r i x i  or.o tuvl th a n  zit?othor f c r k  fU n o t ic n  pî'odomJUiAtoiu 

To aotorHhwG A ,

T -  1306'C
C 4J..10 % 10 -liiiT'îs.

T -  1135"c -y
0 ^ 7#32 % 10 mps.
To d o t  -JiîmUxo A ^

T =  405  C -y
C 5= # 3 5  3  1 0  au^;{

pouTm îT op  ü u ir ,3  a a ,  : f  cd

#875 #09  . ^ 1

- 4  _ f

2f 10 “c 2.01 1 ,40  G. 01 X 10

a
^ X l O  orgs 2.76 1 .96 9 . 4 6 x 1 0 -(

\ c  l\# u . 7 ,1 3 0  1 0 ,^ 0 0 0

m i t i p l y i r i ,  > -V  - 6"
oonetoml 4,59 X 10 3.58 x 10
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Tilnwünt wœ sî7Gùfefaiii üiüx'Qoaod, tHo ïïhoatstono t>oîag

i'oucljiiafccâ ocr*titMGily u n t i l  tha ocystt-a, lihtoh, waa vi.-ryad idc. a

s.s1'~g4. t’bo t.2.'aflï ofctainrid Uy p lo tt in g  tho rao ltii^  p o in t  

a-sdust -Uio i’osletâjica  l a  tho varlaü îo  aaa o f  tko box vüo o |

•Xiiio C ÿ 'ig u z s i 4  )

îiiYlng d a tira ia sd  tîio t.<œxu3'K'atui;‘as and oorroapoading micrcaits 

g:?anh8 p lo tto i bctï/aoK lo^ü and l /S  and aleo betiroen lo^C/S^aud

î> .30*1 6 i# bo'wi oatiOD w a r iy  1̂3. tho polritq i 5,o oou throD

lincis, anA tho eiope» o f üxo po%tlong M , , Â B rad QD a:.70 the 

ixi üoth a'ho poztloa 3U ̂ howcvo: ,̂ la

d lffo r o iït . V̂ ior. lo g  C/® \̂ÿo h .#o  a lin o  slop in g  dowm^piriu

froio right to l o f t ,  tdillo la  'Iho tthor oaao tho central iûBo Is

vor^ )w arly h o r izo n ta l ̂  l%t haa a 8 l l # i t  dowa-wori slopo  from l o f t  $o 

r itiit*  0ou trai p ortion  oorrospoBds tu  tho almost h o r izo n ta l psü?t

of the a\rrcut. tos^ r̂^oratwo orrvo 1%: Plguro 0 rmi tl; i9 dooo not .appĉ ar 

lu  ho very otcolo# ïlio  aurronta in  th is  roglon  graau a lly  liioroaaod 

Tfith tln o   ̂ not becoming iihaclatoi^' c o n s t a t  u n t i l  about throo 4 &yu 

. ^jTtor tho potaooian ra-lwor lia i been (iouvuikod, lining roalingo  

s f t s r  1^ 00 o f tiiao tho jo n o ra l oharooto&'lBtloo o f  th ie  oozitral 

paiTh of tha log^iTitlulo Ĝ trvoa ara w.ioXteroa wut Uio $;iopoQ aro elig h tly  

I d àfforon t' sXcpo o f  pcrh ut o f  both lo g  i#A'^aga.ln«t %/T

end logG/T^aga^.not l A  1b v%y E<ncZl oo%%wofl ylU$ tho oionne e f  tho 

llr.oo oaul CD i . o ;  *0?.S coQpài'ol trlUa rmâ »30 *

T h o  r o a u l t g '  o h t a in o c l  c h c t  that p o t a s a i u m  ha.9  a t  lo a ^ ^ t  t r o , 

p o se lb ly  throo 'gort Auiotlong* üorroriponliï>g to  o r i t io a l  t o t c  longtW  

a t 7 ,100 A#U. * a mars do*frtfu.l oun ut 10*000 A*c* aM one e t  31,000

A%iu m à  f?o tho r e la t io n  governing, tho p h o to -o lco tr ie  ouzTcnt oÿh
:

Uo approxluatsif rjprcecrtod  by



'ÇJLŝ i'eo. Q -

to

c r



o r  p u t t l j ' t :  i i i t i i o  i j u m o r l c a l  v a l u o e  ,
H u —6  9 /

, - )  O' »<g, , , -  / Tl/o '   7=
C - 05^ 7 '̂  e  T + T^e 7“ -f- 5 6^s/o T e

at low toîuporatujae, baore uao lUl?at tom a aî o negligible'Cc?rg;)arod 

with "wio At hi^hor tomporaturoe tho f i r s t  tom  alone I s

 ̂ haoeosany fm>l ludood .̂ao tairai X/om gives ou'rrsiits o f a groat02? oirdor 

of ïaet̂ -iiituao than, the so moasurod* CoiisGçtucntly i t  seons as though 

tho low work uion m s t  ooaso Lo e x i s t , in. tho noighboasiiood of tao 

f la t  part of tho logaritlimio ourvQS, Ihe pz^osonoo of the work fanotioB. 

at lO.OOOA.lT* and tauis of tho sooond to m  sooos rather doubtfal, but
turves

i t  3 :a y  o x i s t  ib in c e  t a o  p a r t  B iyi o f  t h o  l o g a r i t h i z l o ^ o a n  a l s o  b o  r o p r e a -  

e r t o d  b y  t h o  o f  t h e  f i r s t  tw o  to B U S  , i f  t h e  l a u i t l p l y i r t g  c o n s t  a n t s  

A a n  1 A a r c  a l t o r o d  in .  a  s u i t  a l i o  ù ia -im er. I n  F i g u r e  V/i a r e  p l o t t e d  

t h o  o u i 'v o s  o b t u i a e d  b y  o a l o a i a t i i o g  v a l u e s  o f  t l i o  'Shiaffd t e r m  a n d  t h e n  

o f  t h o  s u u o f  t a o  f i r s t  t .  o t o m s  w i t h  t h o  now  c o n s t a n t s  f o r  a  f e w  to r ^ p o r — 

a t u r o s  ^show in^^ a l s o  t h o  iu o a e u r o d  c u a r o n t  v a l u e s *  (T hose  c u r v o s  sh o w  

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

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

o u tV O 3  l i e s  b o tw o O B  t h o  tw o  o a l o u l a t o d  c u r v o s  i

T h o  c o n s t a n t  A m u l t i p l y i n g  t h e  t o r n  w i t h  t h e  l a r g e s t  w o rk  
3

f u n c t i o n  i s  1 * 1  % 1 0  t i n e s  a s  g r e a t  a s  A ,  , T h o  a b o v o  r c s r a l t r ,  s i 'p p o r to

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

Y o u n g  ( P r o .R o y .  8 0 c ,  A 1 9 2 5 )  . E v i d e n t l y  t h e  a r e a  a s s o c i a t e d  w i t h  t h o  

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

s m a l l e r  w o rk  f u n .c t i e n s *  T h o  h y s t o r o s i s  o f f e c t s  n o t e d  i n  t j j c s o  o x p o r i m o n t s  

a n d  i i  t i l e  s o  o f  B i c u a r d s o ' '  a n d  Y o u n g  m ay b o  d u e  e i t h e r  t o  s i û a l l  v a r i a t i o n s  

, o f  o u o  o r  m ono  w o rk  f u n c t i o n s  o r  t o  t h e  v a r i a t i o n  o f  t h e  a r e a s  a s s o c i a t e d  

w i t h  t h o  w o rk  f u n c t i o n s   ̂ o s p o c i a l l y  w h i l o  t h o  l o w e s t  v a l u e  o f  ^  i s  

d i s a p p e a r i n g *



Sxixu*iîaout:3 on  th o  S h ro o h o ld  P rs g ^ o n o lo s  o f  P o ta o s lu m

U  w as f o l t  t o  bo  a  l i t t l e  d o u b t f u l  i f  t h o  r a d i a t i o n  fro m  t h e

tXXniion'b a t  th o  low  t o i ^ o r a t u r o a  % »  ro a l ly ^ b x a o k  body  r ^ d l o t i o n .

C oaao ipo iitX y  th o  oxporiiU’CXiats d o a o r ib o d  ab o v o , w oro :co ?^o a ted  w i th

a l l g h t l y  d i f f o r o n t  a^ ^para tua  i n  a r d o r  t o  t o s t  th e  v o lu o s  o f  th o  w ork
I K.

fu iio tio a m s  e b t a l nod  p r o v i^ u a l; -̂* ' J  ^ |________

â  g l a s s  o y l i W o r  w i th  a  p la tiu m ra  w^!re se^Y cd  th ro u g h  t h e  s i d e  m e t tw c 

Si Je wag c o v e re d  on th o  I n o id o  Vti'Ui a  t h i c k  f l l tm  o f  s i l v o r ,  fegmBd

b y  ro d u o iK ë  a  s o l u t i o n  o f  s i l v e r  • n i t  r a t e .  % i3 i n n e r  s u r f a c e  o f  t h e  

s i l v e r  was fo u n d  t o  bo b r i g h t  a f t e r  b o in g  r i n s e d  o u t  w i th  yyator s o v o r a l  

t i m e s .  Tno onds o f  t h e  c y l i n d e r  h a d  boon  d raw n  dawn t o  nar-row tu b o a  

an d  t h r  oogh t i io s o  t h e  a : d o l  p la t in u m  f i l a m e n t  w as s e a l e d  a f t e r  th o  

s i l v e r i n g  o f  th o  o y i in d o r *  s o  t h a t  t h e  f i l a m e n t  and  th o  s l i v e r  f i l m  

w e re  n o t  i n  c o n - a o t .  Ao b e f o r e  t h e  p o tn .e s i:a n  was m n  i n t o  a  s i d e  tu b o  

0 0  a s  n o t  t o  to u c h  Utio s i l v e r  f i l m  and th o  tu b e  a o a lo d  o f f  f lo m  t l io

jpimps* . «

The f i l m  v/as o o im o c to d  to  une to r ro i im l o f  t h e  g a iv cu io iao to r^ao

I n  d ia g ra iu  3 • Ho d e f l e c t i o n  o f  th e  g rX varicm o ter o e o u r r e d  w i th  Uio
s i l v e r

0  m s rim m  f i l a m e n t  o u ï r o n t  ;» whefi th o  f i l m  was n e g a t iv e  wiC3: r e s p e c t  t o

th o  f i l a r a o r t , s o  no o m is s io n  o f  p o s i t i v e  io n s  fro m  th o  f i l a m e n t  c o u ld

bo  d o to o to d  w ith  th o  a p p a ra tn .s  u s e d .  Tho p o ta s s iu m  was th e n  r .h \  d v .a i

i n t o  th e  t l b o  an d  h o a to d  to  d e p o s it ,  i t l n  a  t l i i n  l a y e r  o v e r  lixe s i l v e r .  
Nor

wa» a%iy tlio rtiÈ o n lG  o ü io s io n  fiKffj t h e  p o ta s s iu L i dovoo L ab i u tiln o o  

ovon w i th  t h e  l a r g e s t  f i r a x io n t  o u r r e n to   ̂ th o  g a lv a n o m o to r  imoc^e re^'xu.%ied 

i r a a o d ia t e ly  t o  z e ro  w) s u d d e n ly  s w i tc h in g  o f f  txio f i le ; ,io n v  o u r r o u t .

As b e f o r e  tJ io  p h o to - o X o c tr io  c u rx 'e h t -  f i l a m e n t  r e s i s t  a;oc c u rv e  

s^iowod a n  i n i t i a l  r i s e  $ am i t h e  lo g a r i th m io  c u rv e  { Figure^ showed



7^ eo-dth

B œ ie ta r o o  D e f le c t io n  ^  T oripora .tu ro  g u r r o n t  lo g  — -
3- , a*^ T%

obme orna. omie abo* ar:pm -hfO

2Ô55 .5 5 C03 1C. 5 •141 •589 ,7 5 9
.7 0 61 3 1 6 .3 168 .0 5 0 • 831

3052 1 0 0 €28 1 5 .0 .7 0 0 *987

ZX20 1 .3 0 743 1 5 .5 • 321 .8 8 7 1 . 1 0 2

# 3 2 4 3 2 . 2 0 678 1 4 .8 .5 4 1 1 .0 7 1 1 .3 1 8

32?C 2*70 m s 1 4 .6 .6 7 3 1 .2 2 8 1 411
z m 7 3 .3 5 708 1 4 -1 • 847 1 .  272 1 .5 0 5

5Ô05 .& .0 0 738 1 3 .5 1 * 0 2 1 .2 9 6 1 -5 7 5

3000 4 .3 5 763 13  1 1*15 1 . 30 0 1*619

9500 5 .2 0 823 1 2 . 2 1 . ^ 1 .2 9 4 1 .6 7 3

4000 5 .5 5 858 1 1 .7 1 .4 5 1 .2 7 9 1 .6 9 5

4115 5 .7 0 8 8 f; 1 1 .3 1 .5 0 1 .2 4 4 1 .7 0 2

4 8 ^ 5. $ 5 i>43 1 0 . : 1 .  5C 1 . 2 2 0 1 .7 0 6

4505 S* 30 1003 1 0 . 0 1 . 6 6 1 .2 0 9 1 .7 2 0

4» 2 0 7# 2 0 1083 9 .2 6 1#90 1 .2 3 4 l# 7 v 2

5000 8 .1 5 1123 8 .9 3 2 .1 6 1 .  269 1 .8 1 0

5S55 9 .5 2 1168 8 .5 5 2 .5 4 i .  284 1 .8 7 1

5 - a s  . 5 .3 5 2 0 0 1203 6 .  33 c . 78 1 .  2 » 8 1 .9 0 4

5060 1273 7 .8 7 3 .2 2 1 .  c 69 2 .9 5 6

5620 3 .3 5 1303 7 . "9 r .y y 1 .4 1 1 2,04%

m m "a. 05 1326 7. 52 4 . 54 1 . a o % 095

3078 4 .6 0 134c. 7 .4 6 4 . 6 3 1 .4 1 0 2 .1 0 3

G015 5 .5 0 % J 3 ^ 7 .4 0 t .  21 1 .  529 2 .1 6 9

5 .6 5 1573 7. 3 0 6 .2 7 1 .5 2 9 2 * 239

#  6123 € . 0 0 1376 _ 7 . ü3 ( .0 6 1 .5 5 8 2 # 2o7

6220 7 .6 0 140© 7 .0 0 0 . 0 8 1 .  561 374

ü 2 » G 6 .  l u l 4 c » 3 7 . Ü-. 9 .3 7 1 .  566 2 .3 9 5

6340 1 1 .  . j 1433 t .  9 6 1 2 ,  2 3 1 . 8 0 9 2 .  543
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th o  aarue. foa tiiz^o s  a s  th o u o  o f  5  jmd ^

t o n p o r a t a r g  u s e d  was 1 2 0 0  0  a s  GOüçparod w i th  1400 C iis t h e  o a r l i o i :  

o z p o r h io n ta  a r d  on  r o f o r r 'l ; : ^  t o  t h e  o a z 'l l o r  c u r v e s  i t  i s  soon  t h a t  

h e tw o c r  t h e s e  te n ip o r a tn r o s  o n ly  d o c s  th o  g r e a t e s t  v a l u e  o f  Lj> p ro d o o ij ia to *  

so  t h o  l i r e  o f  s io p o  ,6 7  I s  a b co H t. Tho o io p o s  o f  t h e  l l r c s A ^  - mi OD 

w ore fo u n d  t o  bo  , 6 S and  . Z1 w h ic h  o c re c  w i th  th o  v a l u e s  fo u n d  b o f o r o .  

A ls o  t h e  f3  a t t o r  oon txsa l p a r t  g o to  I n  and  f i jm s h o s  a t  th o  aajcac re a d in g ©  

on  t h e  azoo  a s  i t  d id  I n  th o  p r e v io u s  c u r v e s .  A gain  th o  o i m t r a i  p a r t  SO 

l e  a  l i t t l e  d i f f e r e n t  when lo g U /T ^ an d  whon log G /T ^arv , u e c l^  a l t  h e  ugh 

th o  s l o p e s  o f  t h e  i i n o e  AB and  CD a r c  t h e  saa tc .

P o r t ! 03  o f  e u i v o  A.B C D

S lo p e  # 6 5  *51

D A 10 C 1 .4 4  • ? !

u
(Ù X 1 0  orgG 1 .9 9 .9 8

100

i M l t l p l y i n u  ^

c o n s t  m it 5 .9  % 1 0  8 -X zlO
- j

As b e f o r e  t h e  m e a su re d  c u r r e n t s  c a n  be  r e p r e s e n t e d  b y  th e  

sura o f  th e  te r ra s  a t  low  t e m p e r a t u r e s ,  w h i le  th e  lo w e s t  w ork f u n c t i o n  

m u s t v a n i s h  a t  h ig h e r  t e m p e r a tu r e s .



Summary

m  ov ido iioo  h a s  b e e r  fo u n d  f o r  t h e  o x l e f b n ^  o f  a  p o s i t i v a  

p h o to - o lc e t r X c  oral s a lo n  u n i  I t  h a s  ’boon  onoim  t h a t  i f  g-ucIi cm 

door, o z l e i  i t  i s  lo o s  U iau 10 ^ t im e s  ffe,: iro r.a tiv -, fro m  tUo

9 0 0 »  o u r f u o a  a o a f f o r o d  3 U i U j o b o  o x p o r H a c j i t o -  I t  l o  « S i o w »  

h a a  a t  l o t i s t  U ieee  %ork f u n ^ t lo r i s  co rroo iiond ltT g  t o  t h o  T»avo ifjagtlw s 

? , 1 0 Ü A.V. 1 0 ,0 0 0  A.0% ar-:i r i , 0 0 0  & .t .  3ho ro rw it®  I n d io a to  - l a t  t u o  

'p a t a h o s '  o f  iu w o ï w orn  faH O '-lon  f o a n  a  v o ry  s s n l l  p e r t  o f  th o  ^ t o l o

m ir fa o o .


