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A METHOD FOR THE MEASUREMENT 0?  5?IMS INTERVALS 0? THE ORDER

0? MAGNITUDE OF 10“8 SECOHDS AHD ITS APPLICATION

(1) TO THE MEASUREMENT OF TEE TIME INTERVAL BETSESH EXCITA­

TION AND EMISSION IH FLUORESCENT SOLUTIONS;

(2 ) TO TEE DETERMINATION OF THE RELATIVE TIMES 05* FIRST

APPEARANCE OF SPECTRUM LINES.

HISTORY

The f i r s t  a c c u ra te  method f o r  th e  m easurem ent o f  

s h o r t  tim e  i n t e r v a l s  was u sed  by Galileo^* a b o u t 1638 i n  h i s  

i n v e s t i g a t i o n s  o f  th e  law s o f  f a l l i n g  b o d ie s .  He a t ta c h e d  

a  sm a ll sp o u t to  th e  bo ttom  o f  a  w a te r  p a i l  and c au g h t th e  

w a te r  e s c a p in g  d u r in g  th e  tim e  th e  body t r a v e le d  a  c e r t a i n  

d i s t a n c e ;  from  th e  w e ig h t o f  th e  w a te r  he c o u ld  c a l c u l a t e  

th e  tim e  i n t e r v a l .  W heatstone^ i n  1 8 3 4 , Schenk^ in  1901 , 

and  M iln e r4  i n  1909 d e te rm in e d  th e  d u r a t io n  o f  th e  e l e c t r i c  

s p a rk  by  th e  u s e  o f  r o t a t i n g  m i r r o r s .  T h is  id e a  was u se d  

by s e v e r a l  i n v e s t i g a t o r s  in  th e  d e te rm in a t io n  o f  th e  v e lo ­

c i t y  o f  l i g h t ,  and was p ro b a b ly  d e v e lo p ed  to  i t s  h ig h e s t  

d e g re e  o f  p e r f e c t io n  by  M iehelson8 i n  1924* In  o rd e r  to  

m easure  th e  tim e  a  p h o sp h o re sc e n t su b s ta n c e  c o n tin u e s  to  e -  

m it  l i g h t  a f t e r  th e  e x c i t i n g  e n e rg y  i s  c u t  o f f ,  B e c q u e re l6 

in v e n te d  h i s  w e ll-know n  p h o sp h o ro sco p e , by means o f  w hich

]
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he c o u ld  o b se rv e  th e  s u b s ta n c e  one th o u sa n d th  o f  a  second  

a f t e r  i t s  i l l u m in a t io n .  A n o th e r m ethod by w hich th e  tim e 

b e tw een  e x c i t a t i o n  and f l u o r e s c e n t  e m is s io n  can  be m easured  

was a p p l ie d  by Wood7 to  th e  c a s e s  o f  m ercury  and sodium  v a ­

p o r s .  A u n i d i r e c t i o n a l  s tre a m  o f  sa y  m ercury  v a p o r i s s u in g  

from  a  p ro p e r ly  d e s ig n e d  n o z z le  i s  i l lu m in a te d  by  a  d i a -  

phragmed beam o f  r a d i a t i o n  o f  w a v e - le n g th  )-25S7. T h is  same 

w a v e - le n g th  ^2537 i s  r a d i a te d  by  th e  m oving v a p o r a t  a  p o in t  

in  th e  s tre a m  d is p la c e d  in  th e  d i r e c t i o n  o f  th e  m o tion  o f  

th e  v a p o r . Then s in c e  th e  v e lo c i t y  o f  th e  v a p o r  in  th e  

s tre a m  i s  known, th e  d isp la c e m e n t g iv e s  a  m easure o f  th e  

tim e betw een  e x c i t a t i o n  and e m is s io n . I n t e r v a l s  o f  th e  o r d e r  

o f  m agn itude  o f  10”6 seconds w ere m easured  by Wood i n  th e s e  

e x p e r im e n ts . F ran k  and G ro trian ®  have re p e a te d  th e s e  e x p e r­

im e n ts  w ith  v a r io u s  m o d i f i c a t io n s ,  and  f in d  t h a t  th e  d i s ­

p lacem en t i s  to o  s h o r t  to  be m easu red  f o r  s h o r t e r  t im e s  th a n  

th o s e  o b se rv ed  by Wood. They a l s o  show t h a t  th e  m ethod i s  

n o t  s e n s i t i v e  enough to  be a p p l i c a b le  to  th e  m easurem ent o f  

th e  tim e  l a g  betw een  e x c i t a t i o n  and e m iss io n  o f  f r e e  a to m s, 

s in c e  w ith  low  p r e s s u re  i n  th e  a b sen c e  o f  f o r e ig n  g a s  no d i s ­

p lac em en t o f  th e  i l lu m in a te d  s p o t  c o u ld  be d e te c t e d ,  a lthough  

th e  v e l o c i t y  o f  th e  v a p o r  was in c r e a s e d .  A m ethod w hich  h a s
Q

r e c e n t l y  b een  d e v e lo p ed  by P e d e rso n  ,  and ex te n d ed  by  Heymans 

and F ran k 1 0 , f o r  m ea su rin g  tim e  i n t e r v a l s  from  10~6 to  XO“ ^ °  

s e c o n d s , m akes u se  o f  th e  r e l a t i v e  p o s i t i o n  o f  n th e  l i c h t e n -

\
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b e rg  f i g a r e s  w h ich  accom pany th e  r e f l e c t i o n  o f  a n  e l e c t r i c  

im p u lse  a t  th e  t e r m in a l  o f  a  c o n d u c to r  p la c e d  in  a  g a seo u s  

a tm o sp h ere  c a p a b le  o f  r a d i a t i o n " . The c a l i b r a t i o n  o f  t h i s  

in s tru m e n t  p resu m ab ly  d ep en d s upon  th e  v e lo c i t y  o f  e l e c t r o ­

m ag n e tic  waves a lo n g  w i r e s ,  w hich  i s  p ro b a b ly  n o t  i n v a r i a ­

b le  and o f  w h ich  we have  u n c e r t a i n  know ledge f o r  th e  p u r ­

pose i n  v iew . So f a r  th e  m ethod haB found  no a p p l i c a t i o n ,  

b u t  i t  i s  o f  i n t e r e s t  f o r  th e  p o s s i b i l i t i e s  w hich  i t  h o ld s .  

The m ost im p o r ta n t  m ethod from  th e  p r a c t i c a l  and  t h e o r e t i ­

c a l  s ta n d p o in t  f o r  m e a su rin g  tim e  i n t e r v a l s  o f  th e  o rd e r  o f  

m agn itude  o f  10~6 to  10~10 seco n d s  i s  t h a t  f i r s t  u se d  by  

Abraham and Lem oine1 1 . T h is  m ethod makes u se  o f  th e  p ro p ­

e r t y  o f  e l e c t r i c  d o u b le  r e f r a c t i o n  in  l i q u i d s ,  d is c o v e re d  

by  K e rr12 i n  1 8 7 5 , and  depends on th e  r a t e  o f  d ecay  o f  th e  

d o u b le  r e f r a c t i o n  w h ile  th e  e l e c t r i c  f i e l d  i s  f a l l i n g .  The 

l a g  o f  th e  f a l l  o f  d o u b le  r e f r a c t i o n  b e h in d  th e  f a l l  o f  po­

t e n t i a l  was fo u n d  by Abraham and  Lemoine ( l o c .  c i t . ) ,  Ray­

l e i g h 12, and Jam es14 to  be p r a c t i c a l l y  fiiaf& i i t e ,  t h a t  i s ,  

f a r  to o  r a p ik  t o  be d e te c te d  ev en  by means o f  a  v a r i a b le  

l i g h t  p a th .

The o r i g i n a l  m ethod u se d  by Abraham and  le m o in e , 

i n  w hich  t h i s  e l e c t r i c  d o u b le  r e f r a c t i o n  o f  a  l i q u i d  was 

f i r s t  u se d  f o r  th e  p u rp o se  o f  m ea su rin g  s h o r t  tim e  i n t e r v a l s ,  

and  w hich  i s  e s s e n t i a l l y  th e  m ethod u se d  by  R a y le ig h , Jam es, 

G o t t l in g  and  o t h e r s ,  i s  t h a t  shown i n  F igu re  1 .

I
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Hie K err  c e l l ,  made by im m ersing two m e ta l l i c  

p l a t e s  in  tn e  d o u b ly  r e f r a c t i n g  l i q u i d  such  a s  c a rb o n  d i s u l ­

p h id e  o r  n i t r o b e n z in e ,  i s  c o n n ec te d  i n  p a r a l l e l  w ith  th e  

s p a rk  gap A th ro u g h  h ig h  r e s i s t a n c e s  2 ^ , B.%, w hich  m akes th e  

c i r c u i t  ASjCRgA n o n - o s c i l l a t o r y .  She tr a n s fo rm e r  M c h a rg e s  

th e  K e rr  c e l l  C up  to  th e  p o t e n t i a l  w here th e  s p a rk  p a s s e s  

a t  th e  gap A. L ig h t from  A i s  made p a r a l l e l  by L^„ i s  r e ­

f l e c t e d  by th e  moT ab le  m ir r o r s  &2 ,  to  £3 , ta k e n  to  G4  

and th ro u g h  th e  l e n s  Lg and S ic o l  p r ism  B, w hich  p o l a r i z e s  

th e  l i g h t  i n  a  p lan e  45° w ith  th e  p la n e  o f  th e  o l a t e s  o f  th e  

K e rr  c e l l  C, and  comes to  fo c u s  a t  I .  I f  th e  K e rr  c e l l  i s  

u n c h a rg e d , th e  p o l a r i z a t i o n  o f  th e  l i g h t  i s  n o t  a f f e c t e d ,  

c o n se q u e n tly  th e  doub le-im age  p rism  may be tu rn e d  so t h a t  

o n ly  one image o f  I ,  which i s  p la n e  p o la r iz e d ,  r e a c h e s  th e  

H ic o l o rism  D; th e n  D may be r o t a t e d  u n t i l  no l i g h t  r e a c h e s  

th e  t e le s c o p e  I .  T h is  p o in t  i s  m arked a s  th e  z e ro  p o s i t io n  

o f  D.

On th e  o th e r  h and , now suppose  t h a t  th e  l i g h t  from  

th e  sp a rk  a t  A, made p la n e  p o la r iz e d  by  th e  H ic o l B, r e a c h e s  

th e  K e rr  c e l l  C b e fo re  i t  i s  d is c h a rg e d ;  th e n  th e  p la n e  po­

l a r i z e d  l i g h t  i s  made e l l i p t i c a l l y  p o la r iz e d  by th e  d o u b le  

r e f r a c t i o n  o f  th e  ca rb o n  d is u lp h id e  i n  C , and  th e  d o u b le -  

image p rism  b re a k s  i t  up i n to  two im ages p o la r iz e d  i n  p e r ­

p e n d ic u la r  p la n e s ,  w ith  one com ponent o f  c o u rse  in  th e  same 

d i r e c t i o n  a s  i n  th e  p re v io u s  c a s e ,  f h i s  one i s  c u t  o u t  by

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5

th e  S ic o l  3 ,  b a t  th e  o th e r  can  be view ed by  th e  te le s c o p e  a t  

T. Sow i f  3  i s  t a m e d  sa y  c lo c k w ise  from  th e  z e ro  p o i n t ,  th e  

two im ages a p p e a r  i n  T , and a  p o in t  may be found  w here th e y  

a re  o f  e q u a l  i n t e n s i t y .  T h is  i s  n o te d  and  3  tu rn e d  a n t i c l o c k ­

w ise  from  th e  z e ro  p o in t  u n t i l  a  second  p o s i t i o n  i s  found 

w here th e  i n t e n s i t y  o f  th e  two im ages i s  a g a in  th e  sam e. The 

a n g le  *  betw een  th e  two p o s i t io n s  \7hers th e  im ages a r e  a t  

e q u a l i n t e n s i t y  i s  a  m easure  o f  th e  e c c e n t r i c i t y  o f  th e  e l l i p ­

t i c  p o l a r i z a t i o n  p roduced  in  th e  j£ e rr e e l l  C. S in ce  e l l i p t i ­

c a l  p o l a r i s a t i o n  in  0 i s  a  f u n c t io n  o f  th e  e l e c t r o s t a t i c  po­

t e n t i a l  a c r o s s  C , and s in c e  th e  e l e c t r o s t a t i c  f i e l d  a c r o s s  C 

i s  a  f u n c t io n  o f  th e  tim e  a f t e r  th e  d is c h a rg e  a t  th e  gap  A, 

th e n  w i th in  c e r t a i n  l i m i t s  th e  a n g le  i s  a  f u n c t io n  o f  th e  

tim e  a f t e r  th e  d is c h a rg e  a t  A.

M a th em a tica l r e l a t i o n s  c o n n e c tin g  w ith  tn e  tim e 

a f t e r  d is c h a rg e  a t  A have been  worked o u t i n  d e t a i l  by Jam es 

( l o c .  c i t . } .  iS x p e rim en ta lly  th e  r e l a t i o n  b e tw een  and  th e  

tim e  a f t e r  d is c h a rg e  f o r  th e  v a r io u s  r e s i s t a n c e s  3 2 was

d e te rm in e d  by d e la y in g  th e  a r r i v a l  o f  th e  l i g h t  a t  C by mov­

in g  th e  m ir r o r s  A f t e r  th u s  f in d in g  t h i s  r e l a t i o n ,

G o t t l in g  ( l o c .  c i t . j  fo c u se d  th e  l i g h t  from  A on a  f l u o r e s ­

c e n t  s u b s ta n c e  and m easured  th e  tim e b e tw een  e x c i t a t i o n  and 

e m is s io n  by v iew in g  f i r s t  th e  s p a rk  and th e n  th e  f l u o r e s c e n t  

l i g h t .  G u t to n ^  i n  h i s  m easu res  o f  th e  r a t i o  o f  th e  v e lo c i t y  

o f  e le c t ro m a g n e tic  waves in  w ire s  to  t h a t  o f  l i g h t  removed
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th e  r e s i s t a n c e s  H i, Hg and th e  d o u b le -im a g e  p rism  r ,  tn u s  

g iv in g  a  l i g h t  s h u t t e r  e f f e c t  and  a n  o s c i l l a t o r y  c i r c u i t .  He 

u se d  a  v e ry  h ig n  p o t e n t i a l  a c r o s s  A i n  o rd e r  to  o b ta in  o s c i l ­

l a t i o n s  which he u se d  a s  th e  b a s i s  o f  h i s  m easu rem en ts . In  th e  

p r e s e n t  work, t h i s  a rran g em en t was a g a in  m o d ified  by a d ju s t i n g  

th e  gap  a t  A so  t h a t  when once th e  H e rr  c e l l  d i s c h a r g e s ,  i t s  

d o u b le  r e f r a c t i o n  i s  n o t  a g a in  a f f e c t e d  by o s c i l l a t i o n s ,  and 

hence a  co m p le te  l i g h t  s n u t t e r  i s  o b ta in e d .  A lso th e  tim e 

from  th e  b e g in n in g  o f  th e  c lo s in g  o f  th e  s h u t t e r  u n t i l  i t  i s  

c o m p le te ly  c lo s e d  i s  n e g l i g i b le  in  com parison  to  tn e  tim e  r e ­

q u ire d  f o r  th e  e l e c t r i c  d ro p  o f  p o t e n t i a l  to  t r a v e l  from  th e  

s o a r !  gap  A to  tn e  te rm in a ls  o f  th e  H e rr  c e l l  0 . I’h i s  l a t t e r  

m o d if ic a t io n  by  w hich th e  d ro p  i n  p o t e n t i a l  i n  th e  H e rr  c e l l  

a s  e x p la in e d  above i s  c o n s id e re d  in s ta n ta n e o u s  and th e  r e t a r ­

d a t io n  b ro u g h t a b o u t by in c r e a s in g  th e  w ire  in  th e  l e a d s  o f  

th e  H e r r  c e l l  d i f f e r s  e s s e n t i a l l y  from  th e  o r i g in a l  m et .od o f  

Abraham and  Lemoine ( l o c .  c i t . j ,  w nich  depends upon th e  r a t e  

o f  l e a h  tn ro u g n  a  h ig h  r e s i s t a n c e .

PURPOSE

She pu rpose  o f  th e  p r e s e n t  w o r t  i s  to  d e v e lo n  a

H e rr  c e l l  w hich w i l l  d is c h a rg e  i n  a  tim e  i n t e r v a l  l e s s  th a n  
—910  seco n d s  w ith o u t  o s c i l l a t i o n s  g r e a t  enough to  r e n d e r  th e  

c a rb o n  d i s u lp h id e  a g a in  d o u b ly  r e f r a c t i n g ;  t h a t  i s ,  to  d e v e l ­
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op a  l i g h t  s h u t t e r  w hich w i l l  c lo s e  i n  a  d e f i n i t e  i n t e r v a l  o f  

tim e o f  th e  o rd e r  o f  m agn itude  o f  10“6 seco n d s a f t e r  a n  a r b i ­

t r a r y  f ix e d  t im e . The n eed  f o r  su ch  an  in s tru m e n t a r i s e s  o u t 

o f  th e  n e c e s s i t y  f o r  d e f i n i t e  know ledge c o n c e rn in g  tim e i n t e r ­

v a ls  be tw een  e x c i t a t i o n  and e m is s io n ,  and  d u r a t io n  o f  e m is s io n  

a f t e r  e x c i t a t i o n .  ffsing  th e  m odern Quantum T heo ry , w hich po s­

t u l a t e s  t h a t  en e rg y  can  be a b so rb ed  o r  r a d ia te d  o n ly  i n  whole 

m u l t ip le s  o f  a  c o n s ta n t  h i/, whose d im en sio n s  a r e  e n e rg y  tim e s  

t im e /B o h r 16 h a s  c o n s t ru c te d  a  th e o ry  o f  a tom ic  s t r u c tu r e  

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

h y d ro g en  and h e liu m , whose a to m ic  m odels have b een  f a i r l y  w e ll  

w orked o u t ,  and w hich se rv e  a s  g u id e s  to  th e  i n t e r p r e t a t i o n  o f  

th e  s e r i e s  o f  o th e r  e le m e n ts  f o r  w hich  d e f i n i t e  m odels have 

n o t  y e t  b e e n  fo u n d , h i s  m odel o f  th e  atom  c o n s i s t s  o f  a  n u ­

c le u s  w hich i s  in  g e n e ra l  composed o f  b o th  p o s i t iv e  c h a rg e s  

and e l e c t r o n s  w ith  an  e x c e ss  o f  p o s i t iv e  c h a rg e s  e q u a l  to th e  

a to m ic  num ber o f  th e  e le m e n t. Around t h i s  n u c le u s ,  m oving in  

v a r io u s  o r b i t s  o r  e n e rg y  l e v e l s  a r e  e l e c t r o n s  e q u a l in  number 

to  th e  a to m ic  num ber, so  t h a t  th e  atom  in  i t s  s t a b le  s t a t e  i s  

n e u t r a l .

The atom  e m its  l i n e  s e r i e s  r a d i a t i o n  when one o r  

more e l e c t r o n s  f a l l  from  one e n e rg y  l e v e l  to  a n o th e r ,  b u t  a s  

lo n g  a s  th e  e l e c t r o n  rem a in s  i n  th e  same en erg y  l e v e l  no r a d i ­

a t i o n  i s  e m i t te d .  The p o s s ib le  e n e rg y  l e v e l s  i n  w hich an  

e l e c t r o n  can  move a re  f i n i t e  i n  num ber, and a r e  d e te rm in e d  by
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th e  quantum r e l a t i o n ,  i .  e . ,  'when an  e l e c t r o n  jumps from, one 

e n e rg y  l e v e l  to  a n o th e r  th e  atom  e m its  a  sp ec tru m  l i n e ,  th e  

f re q u e n c y  \t o f  w hich i s  d e te rm in ed  by  th e  d i f f e r e n c e  in  en ­

e rg y  and 'ft2 o f  th e  two e n e rg y  l e v e l s  by th e  r e l a t i o n

-  Wo * h*'.

C o n sid e r f o r  exam ple th e  s im p le s t  c o n c e p tio n  o f  th e  hyd rogen  

a tom , a s  shown in  F ig u re  2 . T h is  f i g u r e  was ta k e n  from  

S o n m e rfe ld 's  "Atombau und S p e k t r a l l i n i e n ” , 4 th  e d i t i o n ,  oage 

112.
In  th e  s t a b l e  o r  n e u t r a l  hyd rogen  atom  th e  e l e c t r o n  

i s  i n  th e  k  o r b i t  o r  e n e rg y  l e v e l .  Suppose i t  i s  removed say  

by e l e c t r o n i c  im pact o r  a b s o r p t io n  o f  r a d i a t i o n  to  th e  0 

l e v e l .  A cco rd in g  to  th e  Bohr th e o ry  th e n  th e r e  a r e  sev en  

ways o f  i t s  r e t u r n  t o  th e  k  l e v e l ,  w i th  th e  p o s s i b i l i t y  o f  e -  

m is s io n  o f  th e  fo l lo w in g  t e n  sp ec tru m  l i n e s :

(1 ) The f o u r th  member o f  th e  Lyman s e r i e s .

(2 ) The t h i r d  member o f  th e  B alm er s e r i e s  and  f i r s t  member

o f  th e  Lyman s e r i e s .

(5 ) The second  l i n e  o f  th e  Baschen s e r i e s  and second  l i n e  o f  

th e  Lyman s e r i e s .

(4 ) The second  l i n e  o f  th e  B aschsn  s e r ie s ^  and f i r s t  l i n e  o f

th e  Lyman 3e r i e 3 .

(5 ) The f i r s t  member o f  th e  B ra c k e tt  s e r i e s  and t h i r d  member

o f  th e  Lyman s e r i e s .

( 6 ) The f i r s t  member o f  th e  3 r a c k e t t  s e r i e s ,  Ha , and f i r s t
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member o f  Uie Lyman s e r i e s .

( 7 J The f i r s t  member o f  th e  3 ra e fc e tt  s e r i e s ,  f i r s t  member o f  

th e  P asehen  s e r i e s ,  , and f i r s t  member o f  th e  

Lyman s e r i e s .

How s in c e  a  s in g le  atom  a t  a  g iv e n  i n s t a n t  can  e m it o n ly  a  

3 in g le  l i n e  o f  th e  w hole s"Deetram, th e  e l e c t r o n  m ast rem ain  

a  f i n i t e  tim e  in  th e  o r b i t s  H, M, o r  L , o r  in  e a c h , i f  any 

l i n e  o f  th e  h y d ro g en  sp ec tru m  i s  to  be e m it te d  o th e r  th a n  th e  

f o u r th  l i n e  o f  th e  Lyman s e r i e s .  T h e re fo re  in  o rd e r  to  e x ­

p l a i n  th e  inow n e x p e r im e n ta l  phenomena on th e  p r e s e n t  th e o ry  

i t  i s  n e c e s s a ry  to  assum e t h a t  th e  e l e c t r o n  rem a in s  a  f i n i t e  

tim e  in  each  o f  i t s  o r b i t s .  P ro a  e x p e r im e n ts  o f  Wenn17 and 

o f  Dempster"*-® on th e  d ecay  in  lu m in o s i ty  i n  c a n a l  r a y s ,  and 

from  t h e o r e t i c a l  p r e d i c t i o n s  o f  P rank  and G ro tia n  ( lo c .  c i t . ) ,  

P o o te  ftwd M ohiep-9 , Tolman20 and  o th e r s  b a se d  on i n d i r e c t  ex ­

p e r im e n ta l  e v id e n c e ,  we sh o u ld  e x p e c t  th e s e  t im e s  to  v a ry  f o r  

d i f f e r e n t  l i n e s ,  and  to  be  o f  th e  o rd e r  o f  m agn itude  o f  10” 6 

to  10~9 s e c o n d s . A n o th e r phenomenon w hich  h a s  a t t r a c t e d  con­

s i d e r a b l e  i n t e r e s t  and  upon  w hich  th e r e  a r e  a t  p re s e n t  many 

c o n f l i c t i n g  o p in io n s  i s  t h a t  o f  f lu o r e s c e n c e .  I f  th e  e x c i t i n g  

l i g h t  i s  a  s in g l e  l i n e ,  th e  sp e c tru m  may be one o f  two ty p e s :  

(1 ) S h a t i n  w hich  th e  f lu o re s c e n c e  c o n s i s t s  o f  a  

s in g l e  l i n e  o f  th e  same w a v e - le n g th  a s  th e  e x c i t i n g  l i g h t .

T h is  i s  c a l l e d  re so n a n c e  r a d i a t i o n ,  and  i s  e x p la in e d  on th e  

B ohr th e o ry  a s  f o l lo w s :  The e l e c t r o n  in  th e  g round  o r b i t  i s

5u s t  l i f t e d  to  a  h ig h e r  o r b i t ,  from  w hich  i t  can  f a l l  o n ly
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bach  to  th e  ground  o r b i t  and hence r a d i a t e  o n ly  th e  l i n e  

w hich i t  a b so rb s -  The t r u e  w hich th e  e l e c t r o n  rem a in s  in  

t h i s  o u te r  o r b i t  h a s  been  e s t im a te d  in  a  few -m oors by 

jfranh  and O ro tia n  H o c .  c i t . J  and o t h e r s ,  b u t  h a s  b een  to o  

s h o r t  to  m easure  e x c e o t i n  th e  c a se  o f  m ercu ry  m o o r ,  f o r  

w hich f?ood ( l o c .  c i t . J  f in d s  i t  to  be 1/15000  se co n d . ( f h i s  

v a lu e  i s  p ro b a b ly  due to  a n o th e r  phenomenon a s  p re v io u s ly  

e x p la in e d .

( 2 } S h a t in  w hich th e  f l u o r e s c e n t  l i g h t  i s  com* 

nosed o f  th e  same w a v e -len g th  a s  th e  e x c i t i n g  l i g h t ,  a  few 

l i n e s  s h o r t e r  th a n  t h i s  w a v e - le n g th , and a  g r e a t  num ber o f  

lo n g e r  w a v e - le n g th . T h is  i s  e x o la in e d  on th e  th e o ry  by a s ­

sum ing t h a t  th e  e x c i t i n g  l i g h t  r a i s e s  th e  e le c t r o n  c u t  o f  

i t s  g round o r b i t  to  an  o r b i t  from  w hich i t  may ta h e  s e v e r a l  

p a th s  bach  to  i t s  ground o r b i t ,  th u s  g iv in g  r i s e  to  th e  

w a v e - le n g th  o f  th e  e x c i t i n g  l i n e  and th o s e  on th e  lo n g  wave 

s id e  o f  i t *  flow in  t h i s  v a p o r a t  any tim e  th e r e  w i l l  con ­

s e q u e n t ly  be a  l a r g e  number o f  e l e c t r o n s  in  th e  v a r io u s  o r ­

b i t s  b e s id e s  th e  ground  o r b i t  w hich a r e  in  a  p o s i t io n  to  

a b so rb  r a d i a t i o n .  These w i l l  a b so rb  th e  e x c i t i n g  e n e rg y  o r  

p e rh a o s  th e  r a d i a te d  e n erg y  and be l i f t e d  to  h ig h e r  and 

h ig h e r  l e v e l s ,  and in  f a l l i n g  bach  g iv e  s h o r t e r  w a v e - le n g th s  

th a n  th e  e x c i t i n g  l i g h t ,  th u s  a c c o u n tin g  f o r  e x c e p tio n s  to  

S toJces’ s  law .

A m easure  th e r e f o r e  o f  th e  tim e  i n t e r v a l s  a t  w hich 

th e s e  l i n e s  a p p e a r  i s  o f  v i t a l  im p o rtan ce  to  th e  m odem
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th e o ry  o f  a to m ic  s t r u c t u r e .

The f l u o r e s c e n t  sp ec tru m  w hich o c c u rs  when th e  

s u b s ta n c e  i s  e x c i te d  w ith  s e v e r a l  w a v e - le n g th s  i s  v e ry  com­

p l i c a t e d  and  h a s  n o t  been  s a t i s f a c t o r i l y  e x p la in e d .  In  th e  

c a se  o f  f l u i d  s o l u t io n s  i t  seems to  be m ost c o m p lic a te d  and 

i s  u s u a l ly  a t t r i b u t e d  to  c h em ica l a c t i o n .  However, i t  i s  

d i f f i c u l t  to  v i s u a l i z e ,  in  view  o f  th e  s h o r t  tim e  betw een  

e x c i t a t i o n  and e m is s io n , j u s t  how t h i s  c o u ld  b e . T h is  tim e  

i n t e r v a l ,  a s  w e ll  a s  th e  i n t e r v a l  th e  s u b s ta n c e  c o n tin u e s  to  

f lu o r e s c e  a f t e r  th e  l i g h t  i s  c u t  o f f ,  h a s  rem ained  to o  sm a ll 

to  d e t e c t ,  w ith  th e  e x c e p tio n  o f  rhodam ine in  a  s o l u t io n  o f  

a c e t i c  a c id  and g l y c e r in e ,  w here G o t t l in g  ( l o c .  c i t . )  found  

th e  tim e  i n t e r v a l  betw een  e x c i t a t i o n  and e m is s io n  to  be 

(2 .1 1  ± 0 .0 1 )  x  10"® seco n d s by th e  o r i g i n a l  Abraham and Le­

moine m ethod p r e v io u s ly  d e s c r ib e d .  T h is  v a lu e  how ever m ust 

be s u b je c t  to  s e r io u s  e r r o r s .  In  th e  f i r s t  p la c e  he c a l i b r a ­

te d  h i s  a p p a r a tu s  a t  one tim e  and  made h i s  r e a d in g s  a t  

a n o th e r ;  th u s  i t  i s  n o t  c e r t a i n  t h a t  h i s  a p p a r a tu s  rem ained  

i n  c a l i b r a t i o n .  However, a  more s e r io u s  e r r o r  m ust m a n ife s t  

i t s e l f  i n  th e  two p o in ts  w hich he  t a k e s  a s  th e  b e g in n in g  o f  

e x c i t a t i o n  and a s  th e  b e g in n in g  o f  e m is s io n . He m atches two 

im ages o f  th e  s p a rk  a s  i s  p r e v io u s ly  e x p la in e d  in  t h i s  p a o e r ,  

th e n  fo c u s e s  th e  l i g h t  from  th e  s p a rk  on th e  rhodam ine and 

m atch es th e  two im ages o f  th e  f l u o r e s c e n t  l i g h t .  The d i f ­

f e re n c e  i n  h i s  two a n g le s  he assum es i s  a  m easure o f  th e  tim e
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I n t e r v a l  be tw een  e x c i t a t i o n  and e m is s io n . T h is  would b o ld  

o n ly  i f  th e  l i n e s  o f  sp ec tru m  o f  th e  sparJc w ere e m it te d  s im u l­

ta n e o u s ly  and  th o s e  o f  th e  f l u o r e s c e n t  l i g h t  a p p e a re d  s im u lta ­

n e o u s ly .  S c h u s te r  and h e lm sa le e k  ( l o c .  c i t . J ,  S e h e n i ( l o c .  

c i t . J ,  i& ilner ( l o c .  c i t . J ,  and th e  p r e s e n t  worJc have found  

t h a t  th e  l i n e s  o f  th e  sp ec tru m  do n o t  a l l  a p p e a r  s im u lta n e o u s ­

l y ,  and t h a t  i n  th e  r e d  re g io n  o f  th e  sp e c tru m , where th e  

a b s o r p t io n  bands o f  rhodam ine m o s tly  f a l l ,  th e s e  bands a p p e a r  

l a s t .  T h is  a lo n e  w i l l  p ro b ab ly  in tro d u c e  an  e r r o r  l a r g e r  th a n  

th e  v a lu e  he o b se rv e d . A lso  th e r e  i s  re a s o n  to  b e l ie v e  t h a t  

th e  co m p le te  f lu o r e s c e n t  sp ec tru m  d o es n o t  a p p e a r  s im u l ta ­

n e o u s ly ,  w hich  a g a in  c o m p lic a te s  h i s  v a lu e s .

In  view  o f  th e  g r e a t  n eed  f o r  some d i r e c t  way o f  

g e t t i n g  a n  a c c u ra te  m easure o f  th e  above tim e  i n t e r v a l s ,  t h i s  

worJc was u n d e r ta k e n .

APiAitiTJS

In  th e  a p p a ra tu s  a s  shown i n  i? igure  3 th e  l e r r  c e l l  

(3 wa3 c o n s t r u c te d  by a n c h o r in g  in  a  g l a s s  t u b s ,  by means o f  

s h e e t  m ic a , two p a r a l l o l  p l a t e s  o f  co p p e r 12 cm. in  l e n g t h ,

1 .5  cm. in  w id th ,  and p la c e d  0 .5  am. a p a r t .  2 ach  le a d  from  

th e  p l a t e s  ox th e  c o n d en se r  p a sse d  o u t th ro u g h  a  sm a ll g l a s s  

tu b e  s e a le d  in to  th e  to p  o f  th e  m ain tu b e .  The ends o f  th e  

m ain tu b e  were o f  o p t i c a l l y  in a c t iv e  g la s s  s o ld e re d  on w ith  a  

f u s i b l e  a l l o y  c o n ta in in g  fo u r  p a r t s  each  o f  b ism u th  and le a d
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and two p a r t s  e ac h  o f  t i n  and cadmium. T h is a l l o y  h a s  th e  

p r o p e r ty  o f  a d h e r in g  v e ry  t i g h t l y  to  g l a s s ,  and a t  th e  same 

tim e  i t  maxes a  good s e a l .  t h i n  c o a t  o f  w a te r g l s s s  i s  u su ­

a l l y  p la c e d  o v e r  th e  a l l o y  to  g iv e  a  more r i g i d  c o n s t r u c t io n .  

T h is  s e a l  can  e a s i l y  be removed by warm ing w ith  a  bunsen  b u rn ­

e r  i n  c a se  th e  c o n d e n se r  n e e d s  r e o a i r .  The le a d s  W 5’ W K 

from  th e  s p a rk  gap A to  th e  c o n d e n se r  C a re  lo n g  p a r a l l e l  

w ire s  (B & S gauge h’o . 12 b a re  c o p p e r ) ,  p la c e d  a p p ro x im a te ly  

20 cm. a p a r t .  These le a d s  a r e  le n g th e n e d  o r  sh o r te n e d  sym­

m e t r i c a l l y  by  a  s l i d e r  o r  t r o l l e y  T T . The e l e c t r o s t a t i c  po­

t e n t i a l  was m a in ta in e d  by a  m o to r -d r iv e n  s t a t i c  m achine w i th ­

o u t  c o n d e n s e r s ,  o r  by a  5 0 0 -w a tt t r a n s fo rm e r  w ith  h ig h  n o n - 

in d u c t iv e  r e s i s t a n c e  i n  i t s  h ig h  p o t e n t i a l  l e a d s .  T h is  

r e s i s t a n c e  i s  n e c e s s a r y  to  p re v e n t  a n  a r c  a t  th e  gap A. The 

e l e c t r o s t a t i c  p o t e n t i a l  was r e g u la te d  by th e  w id th  o f  th e  

s p a rk  gap  A. B and D a re  two c ro s s e d  h 'ic o l  p r ism s h a v in g  

t h e i r  s h o r t  d ia g o n a l  45° w ith  th e  p l a t e s  o f  th e  c o n d e n se r . J  

i s  a  Leyden j a r  w ith  2 x  10“^  m ic ro fa ra d s  c a p a c i ty  and  a  p e r ­

io d  o f  2 x  10”'6 s e c o n d s . I t  i s  i n  p a r a l l e l  w ith  0 and  th e  

gap A, and m e re ly  s e rv e s  to  b r ig h te n  th e  s p a rk  a t  A. L i s  an  

in c a n d e s c e n t  l i g h t  u se d  o n ly  f o r  a c c u r a t e ly  c r o s s in g  th e  

H ic o ls  and  s e t t i n g  th e  c o r r e c t  p o t e n t i a l .
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| I f  in  f i g u r e  2 th e  e l e c t r o s t a t i c  p o t e n t i a l  i s
ii
| g r a d u a l ly  a p p l ie d  a c r o s s  th e  gao A by tn e  s t a t i c  m achine o r  

t r a n s fo r m e r  m, th e  Leyden j a r  and th e  Z s r r  c e l l  0 b o th  become 

c h a rg e d . When th e  l a r r  c e l l  re a c h e s  a  c e r t a i n  l i m i t i n g  po­

t e n t i a l ,  an  o b s e rv e r  a t  3 ,  On lo o k in g  tn ro u g h  3 ,  C, 3 ,  can 

j u s t  se e  th e  in c a n d e s c e n t  l i g h t  1 .  fh c  sparJc gap I s  th e n  

a d ju s te d  so tn & t a  d is c h a rg e  w i l l  ta k e  p la c e  a c r o s s  i t  a t  

t n i s  i n s t a n t .  Lhen tn e  c o n d e n se r  d i s c h a r g e s ,  th e  l i g h t  from 

1 i 3 e x t in g u i s h e d .  He s h a l l  r e f e r  to  3 C 3 a s  th e  c u t - o f f . ^  

I f  now tn e  l i g h t  1 i s  rem oved and  th e  sp a r*  gao  A i t s e l f  

a l ig n e d  w ith  th e  c u t - o f f ,  th e  l i g h t  from  th e  gap  A c a n n o t be 

s e e n  th ro u g h  tn e  c u t - o f f  a l th o u g h  i t  i s  b u t  a  fev; c e n t i ­

m e te r s  in  f r o n t .  I f ,  h ow evar, th e  l e a d s  from  th e  gap  to  th e  

. l a r r  c e l l  a r e  le n g th e n e d  to  a b o u t th r e e  m e te rs  in  e a c h  le a d  

by m oving 2 I ,  th e  l i g h t  from  a  cosies in to  v iew , I f  now th e  

l i g h t  from  A i s  f i r s t  r e f l e c t e d  to  a  d i s t a n t  m ir r o r  and  th e n  

r e tu r n e d  ( s e e  f i g u r e  4 J ,  i t  w i l l  re a c h  th e  c u t - o f f  a f t e r  i t  

h a s  c lo s e d .  By m oving 1 !? f a r t h e r  b a c k , th e  l i g h t  f r o . i  A i s  

a g a in  b ro u g n t i n to  v ie w . She tim e o f  r e t a r d a t i o n  i s  n o t  in  

g e n e r a l  a  l i n e a r  f u n c t io n  o f  th e  l e n g tn  o f  w ire  In  th e  l e a d s ,  

b u t  o v e r  l im i t e d  ra n g e s  tn e  r e t a r d a t i o n  i s  p r o p o r t io n a l  to  

tn e  v e l o c i t y  o f  th e  e le c t ro m a g n e t ic  waves a lo n g  th e  w i r e s ,  

f h i s  v e l o c i t y  i s  a l s o  c o m p lic a te d  by v a r io u s  c o n s ta n t s  o f  th e  

c i r c u i t ,  b u t  from  m easu rem en ts tak e n  w ith  th e  c i r c u i c  suown 

i n  f i g u r e  3 i t  c an  be s a id  w itn  c e r t a i n t y  t a u t  tu e  v e lo c i t y
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o f  th e s e  e le c t ro m a g n e tic  w aves i s  l e s s  th a n  th e  v e lo c i t y  o f  

l i g h t .  Hence from  th e  above a  lo w e r l i m i t  to  th e  tim e in ­

t e r v a l  th e  e x o i t i n g  e n e rg y  i s  im p riso n e d  i n  th e  g a s e s  b e ­

tw een  th e  gap  b e fo re  th e  v i s i b l e  l i g h t  a p p e a rs  i s  a t  l e a s t  

o f  th e  o r d e r  o f  m agn itude  o f  10“8 s e c o n d s .

TIMS INTERVAL BETWEEN EXCITATION AND EMISSION IN 

FLUORESCENT SOLUTIONS

I t  h a s  b een  shown t h a t  i n  some f lu o r e s c e n t  su b ­

s ta n c e s  th e  e x c i t i n g  e n e rg y  e n t e r s  tn e  su b s ta n c e  a  d e f i n i t e  

m e a su ra b le  tim e  b e fo re  th e  f l u o r e s c e n t  l i g h t  a p p e a rs .  (R. W. 

Wood, l o c .  c i t . ;  G o t t l i n g ,  l o c .  c i t . )

I t  was d e c id e d  to  a t te m p t  to  m easure  t h i s  i n t e r ­

v a l  by m aking u se  o f  th e  above c u t - o f f

D u rin g  th e  p ro g re s s  o f  t h i s  work i t  was d is c o v e r ­

ed  t h a t  th e  sp e c tru m  l i n e s  a p p e a r  a t  d i f f e r e n t  t im e s .  S ince  

t h i s  m ig h t add  a  c o r r e c t i o n  to  th e  m easurem ents ta k e n  w ith  

th e  a p p a r a tu s  i n  u s e ,  th e  work was d is c o n tin u e d  u n t i l  th e  

o r d e r  o f  a p p e a ra n c e  o f  th e  sp e c tru m  l i n e s  c o u ld  be i n v e s t i ­

g a te d .

She a p p a ra tu s  was a r ra n g e d  a s  shown in  F ig u re  4 .  

The s p a rk  a t  th e  gap  A i s  fo c u se d  on th e  f l u o r e s c e n t  sub ­

s ta n c e  3 ,  p a s se s  th ro u g h  S and i s  made p a r a l l e l  by th e  l e n s  

F ,  i s  r e f l e c t e d  by th e  m ovable m ir r o r  G th ro u g h  fi to  £ ,  and 

b ro u g h t  to  a  fo c u s  a t  th e  p o in t  I .  The image o f  th e  sp a rk
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a t  I  and th e  f l u o r e s c e n t  l i g h t  from  S a r e  v iew ed th ro u g h  th e  

c u t - o f f  B C D .  Then by a d ju s t in g  th e  l e n g th  o f  w ire  by mov­

in g  2 ,  and  th e  l i g h t  p a th  by moving G, i t  was p o s s ib le  to  

f i n d  a  p o in t  w here th e  image o f  th e  s p a rk  and th e  f lu o r e s c e n t  

l i g h t  a s  v iew ed s id e  by  s id e  th ro u g h  th e  c u t - o f f  w ere e x t i n ­

g u ish e d  to g e th e r .  B e fo re  each  re a d in g  th e  m ir r o r  G was moved 

fo rw a rd  and backw ard to  make s u re  t h a t  th e r e  w ere no o s c i l l a ­

t io n s  i n  C g r e a t  enough to  l e t  th e  l i g h t  th ro u g h  th e  s h u t t e r  

a f t e r  th e  i n i t i a l  d isc h a rg e #  The tim e  i n t e r v a l  be tw een  e x c i ­

t a t i o n  and  f lu o r e s c e n t  e m iss io n  i s  th e n  e q u a l to  th e  tim e r e ­

q u ir e d  f o r  l i g h t  to  t r a v e r s e  th e  p a th  S F 5 1  I .  T h is  i s  

t r u e  o f  c o u rse  on th e  a ssu m p tio n  t h a t  th e  l i n e s  o f  th e  sp a rk  

8p ec tram  t h a t  e x c i t e  f lu o re s c e n c e  a r e  th e  same a s  th o se  t h a t  

a r r i v e  a t  1 .

The f l u o r e s c e n t  s u b s ta n c e s  t r i e d  w ere d i l u t e  s o lu ­

t i o n s  o f  f l u o r e s c e in  and e ry th ro s c e n e  i n  w a te r .  B oth  show 

b r i l l i a n t  f lu o r e s c e n c e ,  so t h a t  th e  s e t t i n g s  w ere  n o t  d i f f i ­

c u l t  to  make. The tim e  o f  t r a v e r s a l  o f  th e  l i g h t  p a th  f o r  

f l u o r e s c e i n  was found  to  be (B # 2 * 0 .B ) x  10“ ® se c o n d s , and  

t h a t  f o r  e ry th ro s c e n e  ( 5 .1 *  10“ ®) ± 0 . 3  x  10“ ® se c o n d s .

These v a lu e s  a re  s h o r t e r  th a n  th e  tim e  i n t e r v a l  

s o u g h t .  .For, in  th e  c a se  o f  f l u o r e s c e in  f o r  ex am p le , th e  

l i n e s  t h a t  e x c i t e  f lu o re s c e n c e  a re  a b s o rb e d , w h ile  th e  l i n e s  

t r a n s m i t te d  (a n d , t h e r e f o r e ,  t r a v e r s i n g  th e  s a id  l i g h t  p a th )  

e x c i t e  l i t t l e  i f  any  f lu o r e s c e n c e .  I t  i s  j u s t  th e s e  l i n e s .
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h o w ev er, t h a t  a r e  found  to  a p p e a r  a f t e r  th e  o t h e r s .  T h is  s e c ­

ond i n t e r v a l  sh o u ld  he added to  th e  f i r s t .  H ow ever, a c c u ra te  

q u a n t i t a t i v e  m easurem ents o f  th e  l a t t e r  a re  76 t  to  he made.

In  f u tu r e  w ork i t  i s  p lan n e d  to  u se  a s l i g h t  m o d if i­

c a t i o n  t h a t  w i l l  n o t  depend upon th e  sequence  o f  th e  a p p e a r­

an ce  o f  sp ec tru m  l i n e s .

The ahove m ethod o f  v iew in g  s im u lta n e o u s ly  th e  f l u o ­

r e s c e n t  l i g h t  and  th e  image o f  th e  s p a rk  h a s  th e  o h v io u s  a d ­

v a n ta g e  o f  e l im in a t in g  e r r o r s  a r i s i n g 1 from  f l u c t u a t i o n s  i n  

th e  c o n s ta n t s  o f  th e  e l e c t r i c a l  c i r c u i t s  a s  w e l l  a s  o th e r  

c h an g es  t h a t  m ig h t o c c u r  i n  th e  c o u rse  o f  th e  i n v e s t i g a t i o n .

TEE DET23HIUATIOH 0? THE H31ATIV3 TILr3S OF FIRST

A2F2ARABGE OF TEE SP3CTHUM LISES

I t  h a s  b e en  found  t h a t  th e  sp ec tru m  l i n e s  i n  th e  

s p a rk  sp e c tru m  i n  some m e ta ls  do n o t  a l l  a p p e a r  s im u lta n e o u s ly .

S c h u s te r  and  H e lm saleck  ( l o c .  c i t . )  o b se rv e d  in  th e  c a se  o f

c a lc iu m  t h a t  th e  a i r  l i n e s  a p p e a r  f i r s t ,  fo llo w e d  by  th e  2  and  

K l i n e s  and th e n  th e  a r c  l i n e s .  Schenk ( l o c .  c i t . )  o b se rv ed  

in  th e  c a se  o f  m agnesium  f i r s t  th e  a i r  l i n e s ,  th e n  th e  sp a rk  

l i n e  4481 A. U .,  and th e n  th e  a r c  l i n e s ;  b ecau se  o f  th e  low 

s e n s i t i v i t y  o f  t h e i r  m ethod th e y  c o u ld  n o t  o b se rv e  a  sequence  

i n  th e  o r d e r  o f  a p p e a ra n c e  o f  th e  a i r  l i n e s ,  a r c  l i n e s  and 

s p a r i :  l i n e s  th e m s e lv e s . T hese have b e e n  found  and m easured  by
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m eans o f  th e  s h u t t e r  p r e v io u s ly  d e s c r ib e d .

The a p p a ra tu s  u se d  was th e  same a s  t h a t  in  iTigure 3 , 

e x c e p t  t h a t  th e  l i g h t  from  th e  s p a rk  i s  view ed and p h o to ­

g rap h ed  th ro u g h  a  p rism  s p e c tro s c o p e  and p rism  s p e c tro g ra p h , 

r e s p e c t i v e l y ,  a t  th e  p o in t  £ .  She m e ta l whose sp ec tru m  i s  to  

be  s tu d ie d  i s  u se d  a s  te r m in a ls  f o r  th e  sp a rk  gap A. She 

t r o l l e y  2? T was f i r s t  a d ju s te d  b o  t h a t  th e  l i g h t  from  th e  

s p a rk  r e a c h e s  th e  s h u t t e r  to o  l a t e  to  g e t  th ro u g h . The t r o l ­

l e y  i s  th e n  moved back  and th e  v a r io u s  l i n e s  o f  th e  sp ec tru m  

can  be o b se rv ed  a s  th e y  f l a s h  on  in  s u c c e s s io n .  T e s ts  were 

a lw ays made b e fo re  each  r e a d in g  to  make su re  t h a t  th e r e  were 

no o s c i l l a t i o n s  in  th e  c i r c u i t  l a r g e  enough to  open th e  s h u t ­

t e r  a f t e r  once i t  was c lo s e d .

The sequence in  th e  ap p ea ran ce  o f  a  few o f  th e  

b r i g h t  l i n e s  o f  cadmium, m agnesium  and z in c  was o b se rv ed  w ith  

a  d i r e c t  v i s io n  s p e c t ro s c o p e ,  and  pho tog raphed  w ith  a  s p e c t r o ­

g ra p h  u s in g  a  60° ca rb o n  d is u lp h id e  p r ism . T h is  sp e c tro g ra p h  

was assem b led  r a t h e r  h a s t i l y  f o r  s tu d e n t  u s e ,  b u t  was p re s s e d  

in to  s e r v ic e  f o r  t h i s  work f o r  w ant o f  a  b e t t e r  o n e . I t  w i l l  

c o v e r w ith  f a i r  d e f i n i t i o n  th e  ran g e  6800 to  3850 A. U. on th e  

lo n g  d im en sio n  o f  a  4 by 5 " p l a t e .  However, th e  s h u t t e r  u sed  

d id  n o t  t r a n s m i t  w a v e -le n g th s  l e s s  th a n  4E00 A. <J., so t h a t  i t  

was n o t  p o s s ib le  to  re a c h  a n y th in g  o u ts id e  th e  v i s u a l  r e g io n .  

The p h o to g rap h s  were ta k e n  on W ra tten  and W ainw right p an ch ro ­

m a tic  p l a t e s  h y p e r s e n s i t i s e d  w ith  ammonia.

i
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F o r cadmium th e  l i n e s  o b se rv e d  w ere th e  r e d  l i n e  

6458 , th e  sp a rk  d o a b le t  6578 and 6337 , and  th e  f i r s t  members 

o f  th e  sh a rp  s e r i e s  6086 , 4800 and 4678 . The a i r  l i n e s  ap ­

p e a re d  f i r s t  w ith  from  5 to  6 m e te rs  o f  w ire  (B & S gauge Bo. 

12 b a re  co p p er) i n  each  l e a d .  -The two cadmium sp a rk  l i n e s  

a p p e a re d  n e x t  w ith  a b o u t 16 m e te rs  o f  w ire  i n  e ac h  l e a d ,  and 

th e  a r c  l i n e s  a p p e a re d  l a t e r  w ith  a b o u t 1 7 .5  m e te rs  o f  w ir e .  

The sp a rk  was ro u g h ly  one m e te r in  f r o n t  o f  th e  l i g h t  s h u t ­

t e r .  A lthough  th e  d e la y  in  seco n d s can  be g iv e n  o n ly  v e ry  

a p p ro x im a te ly , t h e r e  i s  no q u e s t io n  a s  to  th e  seq u en ce . I f  

to  th e  p h o to g ra p h ic  r e c o rd  a r e  added th e  v i s u a l  o b s e rv a t io n s  

made by me, and a ls o  o b se rv ed  by  members o f  th e  s t a f f  h e r e ,  

one would be in c l in e d  to  p la c e  th e  o r d e r  o f  ap p ea ra n c e  a s  

f o l lo w s ;  s p a rk  l i n e s ,  fo llo w ed  by 4 8 0 0 , fo llo w e d  im m ed ia te ly  

by 5086 and 4678 t o g e th e r ,  l a s t  o f  a l l  l i n e  6458.

In  th e  c a se  o f  magnesium  th e  o n ly  l i n e s  a v a i la b l e  

a r e  th e  s p a rk  d o u b le t  4481 w hich Fow ler121 a s s ig n s  to  a  combi­

n a t io n  ty p e ,  and th e  f i r s t  te rm  o f  th e  s h a rp  t r i p l e t  s e r i e s  

5184 , 5172 and 5167 . n e i t h e r  th e  d o u b le t  n o r  th e  t r i p l e t  i s  

r e s o lv e d  on th e  p l a t e s ,  f o r  th e  l i n e s  o f  th e  d o u b le t  w ere to o  

c lo s e  t o g e t h e r ,  auad an  a i r  l i n e  a t  5180 b l u r s  th e  t r i p l e t .

When tn e  s p a rk  i s  v iew ed th ro u g h  th e  d i r e c t  v i s io n  s p e c t r o ­

sc o p e , i t  i s  p o s s ib le  to  a d ju s t  i t  so t h a t  th e  s h o r t  a i r  l i n e s  

a p p e a r  a t  th e  b o tto m  o f  th e  f i e l d  and th e  lo n g e r  m e ta l l i c  

l i n e s  e x te n d  beyond them in to  th e  u p p e r p a r t  o f  th e  f i e l d ;  th e
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t r i p l e t  i s  th e n  r e s o lv e d .  A g a in , th e  a i r  l i n e s  a p p ea re d  

f i r s t  w ith  from  S to  5 m e te rs  o f  w i r e ,  th e  s p a rk  l i n e s  a p p e a r ­

ed  w ith  1 5 .5  m e te r s ,  and  th e  t r i o l e t  w ith  17 m e te r s .  In  th e  

p h o to g ra p h s  th e  r e g io n  a b o n t 5180 shows a  g r e a t  in c r e a s e  in  

b r ig h tn e s s  w ith  a n y th in g  o v e r  17 m e te rs  o f  w i r e ,  and t h i s  i s  

ta k e n  to  c o n firm  th e  a p p e a ra n c e  o f  th e  t r i p l e t  a t  a b o n t t h a t  

t im e . Dae to  th e  e x trem e  b r ig h tn e s s  o f  th e  l i n e  4 4 8 1 , th e  

l e n g th  o f  e x p o su re s  (60 m in u te s ) ,  and  th e  s e n s i t iv e n e s s  o f  th e  

p l a t e s  in  t h i s  r e g io n ,  some s t r a y  l i g h t  w hich d oes n o t  t r a ­

v e rs e  th e  c o n d e n se r  d i r e c t l y ,  b u t  i s  r e f l e c t e d  by  th e  co n d en s­

e r  p l a t e s ,  shows in  a l l  th e  e x p o s u re s ,  b u t  th e  l i n e  in c r e a s e s  

i n  d e n s i ty  i n  no u n c e r t a in  m anner when th e  l e n g th  o f  w ire  ex ­

c e e d s  1 5 .5  m e te r s ,  and  to  th e  eye  when v iew in g  th e  l i n e s  d i ­

r e c t l y  th e  f l a s h in g  o u t  o f  t h i s  b r i g h t  l i n e  le a v e s  no d o u b t a s  

to  th e  tim e  o f  i t s  a p p e a ra n c e .

In  th e  c a se  o f  s in e  th e  l i n e s  o b se rv ed  w ere th e  

s p a rk  d o u b le ts  a t  4924 and  4 9 1 2 , w hich S a l i s 22 a s s ig n s  to  

4 d i  -  4 f  and  4d2 -  4 f  r e s p e c t i v e l y ,  and  6105 and 6021 , w hich 

he  a s s ig n s  to  4 ? i  -  5 d i  and  5pg -  5dg r e s p e c t i v e l y ; th e  

f i r s t  te rm  o f  th e  s h a rp  t r i o l e t  s e r i e s  4 8 1 1 , 4722 and 4 6 8 0 , 

and  th e  f i r s t  te rm  o f  th e  d i f f u s e  s e r i e s  6362.

She a i r  l i n e s  a s  b e fo r e  a p p e a r  f i r s t ,  fo llo w e d  by 

th e  s p a rk  p a i r  4924 and  4 9 1 2 , w hich  w ere u n re s o lv e d  on th e  

p l a t e ,  a t  18 m e te r s  o f  w i r e .  Shen th e  a r c  t r i p l e t  4 8 1 1 , 4722 

and 4680 a p p e a r  a t  a b o u t  19^- m e te r s .  4680 a p p e a rs  f i r s t ,  f o l ­

low ed v e ry  c lo s e l y  by  4722 and 4-811 i n  s u c c e s s io n .  A t a b o u t
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21 m e te rs  th e  sp a rk  p a i r  a t  6103 and 6021 a p p e a r ,  and l a s t  o f

a l l  th e  r e d  l i n e  a t  6362 A. J .

In  th e  c a se  o f  th e  a i r  l i n e s  th e  o n ly  g ro u p s w hich 

show w i th  s u f f i c i e n t  i n t e n s i t y  to  g iv e  a c c u ra te  d e te rm in a t io n s  

a r e  th o s e  a t  5002 -  16 (p  -  s ) ,  4631 (p  -  p ’ ) ,  and  5667 -  80 

( p -  d ) ,  w hich  a r e  a s s ig n e d  by i ’o w le r25 to  io n iz e d  n i t r o g e n ,  

i’he  g ro u p  5002 -  16 (o  -  s )  a p p e a r  f i r s t ,  fo llo w e d  c lo s e ly  by 

4631 {p -  p * ) ,  and  th e n  5667 -  80 ( v  -  d ) .  I t  w i l l  be ob­

se rv e d  t h a t  th e s e  a r e  g ro u p s  o f  l i n e s ,  and i t  may be t h a t  c e r ­

t a i n  members o f  each  group  a p p e a r  l a t e r  th a n  th e  rem a in in g  

members o f  th e  same g ro u p , a l s o  t h a t  c e r t a i n  members in  th e  

f i r s t  two g ro u p s may a p p e a r  a f t e r  th o se  in  th e  l a s t  g ro u u .

T h is  p o in t  can  o n ly  be s e t t l e d  by th e  u se  o f  h ig h e r  r e s o lv in g  

pow er, w hich  was u n d e s i r a b le  in  th e  p re s e n t  in s ta n c e  b e ca u se  

o f  th e  l o s s  o f  l i g h t ,  -h e  s p e c t r a  o f  n i t r o g e n ,  oxygen and 

cyanogen  in  vacuum d is c h a rg e  tu b e s  have been  exam ined and a 

sequence  o f  th e  l i n e s  o b se rv ed  in  e ac h  c a s e .  Ih e  d is c h a rg e  

tu b e s  w ere o f  th e  H ty o e , and  th e  p o s i t iv e  colum n was view ed 

end  o n . She tu b e  was c o n n ec te d  in  s e r i e s  w ith  th e  Leyden j a r

and  th e  s p a rk  gap  a , b u t  i n  p a r a l l e l  w ith  th e  K e rr  c e l l .  A

h ig h  n o n - in d u c t iv e  w a te r  r e s i s t a n c e  was sh u n te d  a ro u n d  th e  

tu b e  in  o r d e r  to  p ro v id e  a  l e a k  w h ile  th e  c o n d e n se r  was b e in g  

c h a rg e d . 2he seq u en ce  i n  th e  c a se  o f  n i t r o g e n  i s  th e  same a s  

t h a t  in  a i r ;  how ever, a l a r g e r  num ber o f  l i n e s  was o b se rv e d .

S e v e ra l  o f  th e  l i n e s  o f  th e  sp ec tru m  w ere o b se rv ed  to  a p p e a r  

b e fo re  th e  band sp e c tru m  o r  th e  c o n tin u o u s  sp e c tru m . T h is  i s
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b e a u t i f u l l y  d e m o n s tra te d  i n  th e  c a se  o f  cyanogen , i t  was 

a l s o  o b se rv ed  t h a t  some o f  th e s e  band s p e c t r a  and c o n tin u o u s  

s p e c t r a  a p p e a re d  b e fo re  a  few o f  th e  l i n e  s p e c t r a ,  how ever, 

f u r t h e r  e x p e r im e n ts  m ust be made b e fo re  any  d e f i n i t e  c o n c lu ­

s io n s  can  be draw n. V ario u s o th e r  s u b s ta n c e s  have b een  e x ­

am ined , in c lu d in g  i r o n ,  b ism u th , s t r o n t iu m , c o p p e r , alum inum , 

sod ium , p o ta s s iu m , l i t h i u m ,  b a riu m , c a lc iu m  and l e a d ;  and 

e ach  shows a  sequence  in  th e  ap p ea ra n c e  o f  i t s  sp ec tru m  l i n e s .

A m ethod f o r  d e te rm in in g  th e  a c t u a l  tim e i n t e r v a l  

be tw een  th e  a p p ea ra n c e  o f  d i f f e r e n t  l i n e s  h a s  been  d e v e lo p e d . 

The p r e l im in a ry  a rra n g e m e n t, w hich  h a s  b een  in  u se  u n t i l  r e ­

c e n t ly ,  was e s s e n t i a l l y  th e  same a s  t h a t  to  b e  d e s c r ib e d ,  w ith  

th e  e x c e p tio n  t h a t  th e  m ovable m ir r o r  t* was do u b le  i n s t e a d  o f  

t r i p l e  and  was c a r r i e d  on a  r o l l i n g  t a b l e  k e p t  in  a lig n m e n t by 

g u id e s  n a i l e d  to  th e  f l o o r ,  i t  was a l s o  l im i t e d  to  l i g h t - p a t h  

d i f f e r e n c e s  o f  o n ly  20 m e te r s ,  th e  new a rra n g em e n t o f  th e  

a p p a ra tu s  i s  sh o rn  in  f ig u r e  5 . th e  m ovable m ir r o r  6  i s  com­

posed o f  th r e e  m ir r o r s  a rra n g e d  on a  t r i h e d r a l  a n g le  w hich h as  

i t s  s i d e s  r e s p e c t iv e ly  p e rp e n d ic u la r ,  so  t h a t  a  beam o f  l i g h t  

p a r a l l e l  to  th e  l i n e  m axing e q u a l a n g le s  w ith  th e  s id e s  o f  th e  

t r i h e d r a l  a n g le ,  a f t e r  t h r e e  r e f l e c t i o n s  w i l l  be r e tu rn e d  

p a r a l l e l  to  i t s  p a th .  W ith t h i s  a rra n g e m e n t, any  sm a ll  r o t a ­

t i o n  a b o u t ,  o r  s l i g h t  d isp la c e m e n t a lo n g ,  any  a x i s  o f  th e  m ir ­

r o r ,  d o es  n o t  a f f e c t  th e  d i r e c t i o n  ox th e  r e f l e c t e d  beam . The 

t r i p l e  m ir r o r  & i s  m ounted on a  wooden c a r r i a g e  w hich s l i d e s
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on a  l e v e l  wooden t r a c k ,  The t r a c k  i s  composed o f  two p a r a l ­

l e l  wooden r a i l s  80 f t .  i n  l e n g th  and 20 in c h e s  a p a r t ,  a n c h o r­

ed  to  th e  b u i ld i n g .  The c a r r ia g e  i s  moved a lo n g  th e  t r a c k  by  

th e  o b s e rv e r  a t  tf by means o f  a  sy s tem  o f  p u l le y s  o v e r  w hich 

p a s s e s  an  e n d le s s  w ire  c a b le  f a s te n e d  to  th e  c a r r i a g e .  The 

lo n g  p a r a l l e l  w ire s  w S M vs a r e  f a s te n e d  a t  t n e i r  en d s by non­

c o n d u c tin g  c o rd ,  and  th e  t r o l l e y  T T s l i d i n g  on th e s e  w ire s  

( a s  p r e v io u s ly  d e s c r ib e d *  i s  a l s o  o p e ra te d  by th e  o b s e rv e r  a t  

JS. The rem a in d e r o f  tn e  a p p a ra tu s  h a s  b een  p r e v io u s ly  de­

s c r i b e d .  L ig h t  from  tn e  gap a t  a  i s  made p a r a l l e l  by th e  l e n s  

p a s s e s  to  th e  t r i p l e  m ir ro r  &, and  i s  r e tu r n e d  in  a  beam 

p a r a l l e l  to  th e  f i r s t ,  to  th e  l e n s  h ;  i s  r e f l e c t e d  by  th e  m ir­

r o r  th ro u g h  th e  s h u t t e r ,  and  o b se rv e d  th ro u g h  th e  p rism  s p e c t ­

ro sc o p e  S from  th e  p o in t  n .  flow by m oving <1 fo rw a rd s  and 

backw ards th e  o o s e rv e r  a t  n  c an  v a ry  th e  tim e  i n t e r v a l  be tw een  

th e  d e p a r tu r e  o f  th e  l i g h t  from  a  and  i t s  a r r i v a l  a t  th e  s h u t ­

t e r  by in c r e a s in g  o r  d e c re a s in g  th e  d i s ta n c e  t r a v e r s e d  by th e  

l i g h t  from  A  to  C .

To m easure  th e  d e la y  o f  an  a r c  l i n e  o v e r  a  s p a rk  

l i n e ,  f o r  ex am p le , th e  t r i p l e  m i r r o r  i s  moved in  c lo s e  to  h .  

The t r o l l e y  T T i s  th e n  moved i n to  su ch  a  p o s i t io n  t h a t  th e  

a r c  l i n e  j u s t  a p p e a r s .  Then th e  m ir r o r  <*• i s  moved b ack  u n t i l  

th e  a r c  l i n e  j u s t  d i s a p p e a r s ,  an d  t h i s  p o s i t i o n  o f  th e  m ir r o r  

i s  n o te d .  <*■ i s  th e n  moved f a r t h e r  b a c k  u n t i l  th e  s p a rk  l i n e  

j u s t  d i s a p p e a r s  and  t h i s  p o in t  n o te d .  The d i f f e r e n c e  in  l i g h t
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p a th  d iv id e d  by th e  v e lo c i t y  o f  l i g h t  w i l l  g iv e  th e  d e la y  i n  

s e c o n d s , i'he o b s e rv a t io n s  a re  checked  in  each  c a se  by n o t in g  

th e  p o s i t io n s  where th e  l i n e s  a p p e a r ;  how ever, p r e l im i ­

n a ry  o b s e rv a t io n s  in d ic a te  t h a t  th e s e  r e a d in g s  sh o u ld  be 

g iv e n  l e s s  w e ig h t th a n  th e  fo rm e r , p ro b a b ly  b ecau se  ox th e  un­

e q u a l  b r ig h tn e s s  o f  th e  l i n e s  and  th e  d i f f i c u l t i e s  in  fo c u s ­

in g  th e  eye when th e  l i n o  i s  n o t  in  th e  f i e l d  o f  v iew . Accu­

r a t e  q u a n t i t a t i v e  re a d in g s  have n o t y e t  been  made w ith  th e  

above m ethod , b u t  it. was found w ith  a  p re l im in a ry  a rran g em en t 

t h a t  th e  l i n e s  c o u ld  be made to  a p p e a r  and d is a p p e a r  by  mov­

in g  S , w hich  i s  a good in d ic a t io n  o f  th e  su c c e ss  o f  th e  m eth­

o d .

DlsCUbbluu Or hiSbOLfb

x‘he c o n d i t io n s  i n  th e  s p a rk  d is c h a rg e  a r e  v e ry  com­

p l i c a t e d .  I t  i s  a  w ell-know n f a c t  t h a t  change o f  c a p a c i ty  o r  

o f  in d u c ta n c e  a l t e r s  th e  i n t e n s i t y  o f  v a r io u s  l i n e s ,  how ever, 

th e s e  e f f e c t s  a r e  u s u a l ly  a t t r i b u t e d  by m ost i n v e s t i g a t o r s  to  

c o n d i t io n s  i n  th e  s p a rk  a f t e r  th e  i n i t i a l  d i s c h a r g e .  S in ce  

i n  th e  p r e s e n t  work o n ly  th e  b e g in n in g  o f  th e  s p a rk  was i n v e s t ­

i g a t e d ,  th e s e  phenomena a r e  n o t  e f f e c t i v e ,  fh e n  l e t  u s  con­

s i d e r  w hat p ro b a b ly  ta k e s  p la c e  d u r in g  th e  i n i t i a l  d i s c h a r g e ,  

e l e c t r o n s  f a l l i n g  th ro u g h  a  h ig h  a c c e l e r a t i n g  p o t e n t i a l  c o l ­

l i d e  w ith  n e u t r a l  atom s o f  th e  g a s e s  and  v a p o rs  i n  th e  gap  and 

remove one and som etim es more e l e c t r o n s ,  making th e  atom s po -
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s i t i v e l y  c h a rg e d , JSach o f  th e s e  io n s  I in  th e  c ase  o f  th e  

s in g ly  c h a rg e d  i o n s )  " n e u t r a l i z e s  th e  e f f e c t  on th e  sp ace  

c h a rg e  o f  4 V5680 12. e le c t r o n s "  ^ , where M i s  th e  a to m ic  

w e ig h t o f  th e  e le m e n t ,  w h ic h , f o r  exam ple in  th e  e a se  o f  c ad ­

mium i s  a b o u t 27 ,000  e l e c t r o n s .  T h is  i n  t u r n  in c r e a s e s  th e  

p o t e n t i a l  g r a d i e n t  and more s in g ly  ch a rg ed  io n s  become doub ly  

c h a rg e d . I t  i s  th u s  v e ry  p ro b a b le  t h a t  a t  th e  b e g in n in g  o f

th e  e m is s io n  o f  l i g n t  by th e  g a s e s  and v a p o rs  i n  th e  gap  a

v e ry  l a r g e  p e rc e n ta g e  o f  th e  io n s  a r e  d o u b ly  io n i s e d ,  e s p e c i ­

a l l y  in  th e  c a se  o f  n i t r o g e n  and  m e ta l l i c  v a p o rs .

The o n ly  sp ec tru m  w hich  a  do u b ly  ch a rg ed  io n  can  

e m it (w ith  a  few i s o l a t e d  e x c e p t io n s 2^ ) i s  th e  s p a rk  sp e c ­

tru m ; i .  e . # an  e l e c t r o n  f a l l i n g  betw een  th e  v a r io u s  o r b i t s  

o f  a  d o u b ly  c h a rg e d  io n  p ro d u ces th e  sp a rk  sp e c tru m . When i t  

r e a c h e s  i t s  g round  o r b i t  th e  d o u b ly  ch a rg ed  io n  becomes s i n ­

g ly  c h a rg e d ; th e n  i f  a n o th e r  e l e c t r o n  f a l l s  be tw een  th e  

v a r io u s  e n e rg y  l e v e l s  o f  th e  s in g ly  ch a rg ed  io n ,  th e  a r c

sp ec tru m  i s  e m i t te d .  T h e re fo re  i f  we s t a r t  w ith  a l l  th e  a tom s

d ou b ly  io n iz e d  we sh o u ld  e x p e c t th e  s p a rk  l i n e s  to  a p p e a r  b e ­

fo r e  th e  a r c  l i n e s .  A lthough  i t  i s  r e a s o n a b le  to  assum e a  

l a r g e  p e rc e n ta g e  o f  th e  io n s  d o u b ly  io n iz e d  i t h i s  i s  in d ic a te d  

by th e  i n t e n s i t y  o f  th e  s p a rk  l i n e s  a s  t n e /  f l a s h  on in  th e  

above e x p e r im e n ts ) ,  enough s in g ly  ch a rg ed  io n s  a r e  p ro b a b ly  

p r e s e n t  to  g iv e  th e  a r c  l i n e s  w ith  o b se rv a b le  i n t e n s i t y .  The 

a p p e a ra n c e  o f  th e  s p a rk  l i n e s  b e fo re  th e  a r c  l i n e s  in  th e  

above e x p e r im e n ts  would t h e r e f o r e  i n d ic a t e  t h a t  th e  g r e a t e r
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f i e l d  o f  th e  d o u b ly  c h a rg e d  atom  would a t t r a c t  an  e l e c t r o n  

b e fo re  t h a t  o f  th e  s in g ly  c h a rg ed  a tom , o r  t h a t  th e  v a r io u s  

v i r t u a l  o r b i t s  o f  th e  d o u b ly  c h a rg ed  atom  a re  l e s s  s t a b l e  th a n  

th o s e  o f  th e  s in g ly  c h a rg e d  atom .

I t  i s  i n t e r e s t i n g  to  n o te  an  a p o a re n t  e x c e p tio n  to  

th e  a b o v e , h o w ev er, in  th e  c a se  o f  z in c ,  where a r c  l i n e s  a r e  

o b se rv e d  to  a o o e a r  b e fo re  so a rk  l i n e s .

The above g iv e s  an  e a sy  way o f  e x p la in in g  th e  ob­

s e rv e d  seq u en ce  o f  any p a r t i c u l a r  e lem en t in  th e  g ap . I t  e x ­

p l a i n s  th e  seq u en ce  o f  th e  a i r  l i n e s  and t h a t  o f  th e  m e t a l l i c  

l i n e s .  I t  a l s o  w ould in d ic a t e  t h a t  tn e  a i r  l i n e s  sh o u ld  a p ­

p e a r  b e fo r e  th e  m e t a l l i c  l i n e s ,  s in c e  th e  io n iz a t io n  p o te n ­

t i a l  o f  th e  g a s e s  i s  g r e a t e r  th a n  th o se  o f  tn e  m e ta ls ,  how­

e v e r  from  th e  d i f f e r e n c e  i n  th e  i o n i s a t i o n  p o t e n t i a l s  o f  th e  

io n s  o f  th e  g a s e s  and th o s e  o f  th e  m e ta ls  we sh o u ld  n o t  ex ­

p e c t  su c h  a  lo n g  p e r io d  b e tw een  th e  a p p e a ra n c e  o f  th e  a i r  

l i n e s  end th o s e  o f  th e  m e ta l s .  'There a r e  a t  l e a s t  two p o s s i ­

b le  ways o f  e x p la in in g  t h i s .  I n  th e  f i r s t  p la c e  i t  may be 

t h a t  th e  f i r s t  jump o f  th e  e l e c t r o n  in  n i t r o g e n  f o r  in s ta n c e  

g iv e s  r i s e  to  a  l i n e  in  th e  v i s u a l  r e g io n  w h ile  t h a t  o f  th e  

m e ta l  g iv e s  r i s e  to  a  l i n e  o u t s id e  th e  v i s u a l  r e g io n ;  t h a t  i s ,  

i f  i n  th e  c a se  o f  th e  m e ta l  th e  e l e c t r o n  m ust p a s s  th ro u g h  

se v e ra l, s t a t i o n a r y  s t a t e s  b e fo re  i t  r a d i a t e s  a  v i s u a l  l i n e  

and i f  i n  th e  c a s e  o f  n i t r o g e n  i t  r a d i a t e s  a  v i s u a l  l i n e  i n  

th e  f i r s t  jum p, th e n  we sh o u ld  e x p e c t  th e  l i n e s  o f  n i t r o g e n
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to  a p p e a r  c o n s id e r a b ly  b e fo re  th o s e  o f  th e  m e ta l .  U n fo rtu ­

n a t e l y  th e  s e r i e s  r e l a t i o n s  o f  th e  s p a rk  sp e c tru m  o f  th e  

m e ta ls  th o s e  o f  th e  g a se s  o f  th e  a i r  a r e  n o t  y e t  worked 

o u t  d e f i n i t e l y  enough to  g iv e  s u f f i c i e n t  in fo rm a tio n  on 

t h i s  p o i n t .  A lso  a n  e x te n s io n  o f  th e  p r e s e n t  w ork to  th e  

u l t r a v i o l e t  i s  n e c e s s a r y  to  th row  l i g h t  upon th e  phenomenon. 

The o th e r  way o f  e x p la in in g  t h i s  phenomenon i s  to  assum e t h a t  

th e  p o s i t i v e l y  c h a rg e d  io n s  o f  th e  m e ta ls  form  " m e ta s ta b le ” 

ch em ic a l compounds w ith  e x c i te d  o r  n e u t r a l  a tom s o f  th e  g a se s  

o r  o f  th e  m e ta l ,  T hese compounds due to  t h e i r  i n s t a b i l i t y  

b re a k  down i n  a  s h o r t  tim e  in to  t h e i r  c o n s t i t u e n t  p a r t s .  The 

io n s  a r e  th e n  f r e e  to  r a d i a t e  t h e i r  e n e rg y . The lo n g e r  l i f e  

o f  th e s e  c h e m ic a l compounds i s  th e n  r e s p o n s ib le  f o r  th e  lo n g  

tim e  i n t e r v a l  b e tw een  th e  a p p ea ra n c e  o f  th e  a i r  l i n e s  and  th e  

m e t a l l i c  l i n e s .  T h is  v iew  would seem t o  f in d  s u p p o r t  i n  ex ­

p e r im e n ts  o f  »ood ( l o c .  c i t . ) ,  F ra n ck  and  d r o t r i a n  ( l o c .  c i t . )  

and o t h e r s ,  who f in d  e v id e n c e s  o f  th e s e  compounds u n d e r v a r i ­

ous c o n d i t io n s  a n a lo g o u s  to  th e  c o n d i t io n s  i n  th e  sp a rk  d i s ­

c h a rg e .

I t  h a s  been  p o in te d  o u t (26) i n  a  l e t t e r  from  D r. 

F o o te  t h a t  a  p o s s ib le  e x p la n a t io n  o f  th e  o r d e r  o f  ap p ea ra n c e  

o f  th e  v a r io u s  l i n e s  may be b a se d  on th e  " c h a r a c t e r i s t i c s  o f  

th e  s p a rk  d is c h a rg e  r a t h e r  th a n  o f  th e  a to m " . However i n  a  

l a t e r  l e t t e r  a f t e r  th e  r e s u l t s  o f  z in c  had  b e en  s e n t  to  h im , 

h e  s a id ” Of c o u r s e ,  i n  many c a s e s  th e  n a tu r e  o f  th e  d is c h a rg e  

may have a n  in f lu e n c e ;  b u t  when e l e c t r o n s  have g o t te n  in to  

th e  2 s  o r b i t  o f  n e u t r a l  z in c ,  i t  i s  h a rd  to  se e  how e x te r n a l
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c irc u m s ta n c e s  can  in f lu e n c e  th e  tim e i n t e r v a l  ^  w hich e la p s e s  

b e fo re  th e  atom  p a s se s  to  a  lo w e r en e rg y  l e v e l " .  S h a t i s ,  

th e  f i e l d  o f  th e  atom  i s  so much s t r o n g e r  th a n  th e  e x te r n a l  

f i e l d  t h a t  i t s  e f f e c t  may be n e g le c te d  in  com parison  w ith  

t h a t  o f  th e  a to m . A lso , i f  th e  e x te r n a l  f i e l d  i n  th e  s p a rk  i s  

th e  d e te rm in in g  f a c t o r ,  we sh o u ld  e x p e c t  th e  o r d e r  o f  a p p e a r-*  

anee  o f  th e  l i n e s  and  c e r t a i n l y  th e  tim e  betw een  th e  a p p e a r ­

ance  o f  tn e  v a r io u s  l i n e s  to  ch ange . I f  th e  f i e l d  i s  changed 

by a l t e r i n g  th e  c a p a c i ty  o f  th e  c i r c u i t ,  t h i s  sh o u ld  be t r u e .  

I t  i s  found  n o t  to  be th e  c a se  w i th in  th e  l i m i t s  i n v e s t i g a t e d .  

A lso  in  a  s p a rk  gap c o n ta in in g  magnesium  and cadmium one 

sh o u ld  e x p e c t  th e  sp a rk  l i n e s  o f  cadmium to  a p p e a r  b e fo re  

th o s e  o f  m agnesium  because  o f  th e  g r e a t e r  e x c i t a t i o n  p o te n ­

t i a l  o f  th e  s p a rk  sp ec tru m  o f  cadmium. E x p erim en ts  show 3 u s t 

th e  o p p o s i t e ,  so t h i s  view  c e r t a i n l y  c an n o t e x p la in  th e  r e ­

s u l t s .  H ow ever, a  d e f i n i t e  e x p la n a t io n  o f  th e  phenomenon 

m ust a w a it  f u r t h e r  e x p e r im e n ta l d a t a .

SDUMAHT OI1 RESULTS

The c h i e f  r e s u l t s  o f  th e  work may be sum m arized a s

f o l lo w s :

1 .  A m ethod h a s  b een  d ev e lo p ed  by w hich  tim e i n t e r v a l s

o f  th e  o rd e r  o f  m agnitude o f  10""9 seco n d s may be m easu red .

E. A l i g h t  s h u t t e r  h a s  b e en  d e v e lo p ed  w hich  w i l l  c lo s e

a  p re d e te rm in e d  tim e  (w i th in  c e r t a i n  l i m i t s )  a f t e r  a  sp a rk  

d i s c h a r g e .

The visible light from the spark was discovered to
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a p p e a r  a  d e f i n i t e  i n t e r v a l  o f  tim e  a f t e r  th e  e l e c t r i c  d i s ­

c h a rg e  and  m easured  to  be a t  l e a s t  o f  th e  o r d e r  o f  m agni­

tu d e  o f  1CT8 se c o n d s .

4 .  !The r e s u l t s  o f  v a r io u s  p re v io u s  e x p e r im e n ts  on th e

o r d e r  o f  a p p e a ra n c e  o f  th e  g ro u p s  o f  a i r  l i n e s ,  s p a rk  l i n e s  

and a r c  l i n e s  i n  th e  s p a rk  sp ec tru m  have b een  d e f i n i t e l y  

c o n firm ed  in  th e  c a s e s  i n v e s t i g a t e d  i n  t h i s  w ork .

5 .  A seq u en ce  in  th e  a p p e a ra n c e  o f  th e  a i r  l i n e s ,

s p a rk  l i n e s  and a rc  l i n e s  th e m se lv e s  h a s  b een  d is c o v e re d  and 

t h e i r  o rd e r  o b se rv e d .

6 .  The sp e c tru m  l i n e s  o f  a  g a s  i n  vacuum tu b e  d is c h a rg e

have b een  d is c o v e re d  to  a p p e a r  a t  d i f f e r e n t  t im e s .

7 . jKLuorescene and e ry th ro s c e n e  w ere d is c o v e r e d  to  have

a  tim e  l a g  b e tw een  e x c i t a t i o n  and  e m is s io n  o f  t h e i r  f l u o r e s -  

c e n t  l i g h t ,  and  th e s e  t im e s  found to  be g r e a t e r  th a n  2 x 1 0 °  

se co n d s  f o r  f lu o r e s e e n e  5 x  10“ 8 seco n d s f o r  e r y th r o s c e n e .

8 .  A new v a lu a b le  f i e l d  o f  r e s e a r c h  h a s  b een  opened 

w hich  h o ld s  p rom ise  o f  th ro w in g  l i g h t  on many im p o r ta n t  un ­

so lv e d  p rob lem s o f  a to m ic  s t r u c t u r e .

f h i s  w ork was su g g e s te d  by P r o f e s s o r  C. 21. S parrow , 

t o  whom I  am in d e b te d  a l s o  f o r  a d v ic e  and encou ragem en t d u r ­

in g  i t s  p r o g r e s s .  I  wiBh a l s o  to  th a n k  P r o f e s s o r  1 .  G.

H oxton f o r  h i s  many v a lu a b le  s u g g e s t io n s ,  w hich have  made 

p o s s ib le  th e  s u c c e s s f u l  p ro s e c u t io n  o f  th e  w ork , and  f o r  h i s  

c o n tin u e d  i n t e r e s t  and e n co u rag em en t. I  w ish  to  acknow ledge 

my in d e b te d n e s s  to  P r o f e s s o r  P . L . Brown, who m easured  th e

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



30

sp ec tru m  p l a t e s ,  ana to  a ir . C a r l  H a r r i s ,  who a id e d  in  th e  

c o n s t r u c t io n  o f  a p p a r a tu s ;  f i n a l l y ,  I  d e s i r e  to  th a n k Mr. A.

J .  Weed, M e c h a n ic ia n , f o r  h e lp  and c o o p e r a t io n .
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M . S p a r r o w Jure 1,  1925
L. B r o w n

Dr. J. C. Metcalf, Dean of the Graduate School,

University of Virginia

University, Va

My dear Dr. Metcalf:

With reference to the d issertation  of Beans in

connection with the printing of i t s  t i t l e  on the program for the

conferring of degrees, I  would suggest that the phrase "order of 
-8

magnitude of 10 seconds" be translated by "order of magnitude of 

one hundred m illionth of a second" or^if you prefer^ "order of magni­

tude of ten b i l l io n th s  of a second".

Yours very tr u ly

L. G. Hoxton
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