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ABSTRACT

An a tomic  beam l i g h t  source des igned and c o n s t r u c t e d  
p r i m a r i l y  f o r  the  vacuum u l t r a v i o l e t  i s  d e s c r i b e d .  The l i g h t  
source produced s p e c t r a  o f  argon and a i r  i n  the  ext reme 
u l t r a v i o l e t .  A s tu d y  was made o f  the  e x c i t a t i o n  f u n c t i o n s  o f  
t he  Ar 11 l i n e s  a t  920 A and 932 A. A l so  i n c l u d e d  i s  an 
unexpected p r es s u r e  dependence o f  the  Ar I resonance l i n e s .



I .  INTRODUCTION

The pas t  decade shows an i n c r e a s e  i n  the e x p e r i m e n t a l

work done w i t h  gaseous a tomic  beams. Some e a r l i e r  r e fe r e n c e s

are found i n  1942.  Bassey and Simpson^ rev i ew  some o f  the

then c u r r e n t  work i n  m o l e c u l a r  beams. A l s o ,  Mack and 
2

B a r k o f s ky  d e s c r i b e  v a r i o u s  aspec t s  o f  des ign  and use o f  

gaseous a tomic  beam a p p a r a t u s .  No f u r t h e r  l i t e r a t u r e  i s  

found d e a l i n g  w i t h  t h i s  s u b j e c t  u n t i l  1956. King and
3

Z a cha r i as  then d e s c r i b e  many e x p e r i m e n ta l  beam te c hn iqu es  

and new a p p l i c a t i o n s  o f  m o l e c u l a r  beams. A paper  d e l i v e r e d  

by R. W. S t a n le y ^  i n  1960 i s  the  f i r s t  o f  a g row ing  number o f  

r e f e r e n c e s  t o  gaseous a tomic  beams.

The r e c e n t  work shows a v a r i e t y  o f  t e c h n i q u e s .  Od in t sov  

p r o v i d e s  i n f o r m a t i o n  on the use o f  an a tomic  beam as a l i g h t  

sou rce .  He p r e s e n t s  a d i s c u s s i o n  o f  beam source  c o l l i  ma t i on  

and o f  Dopp le r  w i d th s  o f  s p e c t r a l  l i n e s  o b ta i n e d  f rom such a 

l i g h t  sou rc e .  Hanes^ a l s o  d e s c r i b e s  an a tomic  beam source 

us ing  a new c o l l i m a t i on t e c h n i q u e .  His m u l t i - c h a n n e l e d  

c o l l i m a t o r  and o t h e r s  w i l l  be d i s cu s s ed  s e p a r a t e l y  i n  a l a t e r
7

s e c t i o n .  K le i n p op p en ,  Kruger  and Ulmer e x c i t e  a Hydrogen
O

beam w i t h  e l e c t r o n s  to  s tudy  the Ba lmer -a  r a d i a t i o n .  S toner

a l s o  s t u d i e s  Balmer s p e c t r a l  l i n e s  us ing  an a tomic  hydrogen

beam. More r e c e n t l y ,  the  e x p e r i m e n t a l  t e c h n i qu es  and con -
9 10s t r u c t ! o n .  o f  an a tomic  beam l i g h t  source  by S t a n le y  5 and 

I 0Larson a t  Purdue U n i v e r s i t y  p r o v i d e  the bas i s  f o r  the l i g h t
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sou rce b u i l t  here a t  Montana S t a t e  U n i v e r s i t y .

Much o f  the  geomet ry  o f  S t a n l e y ' s  sources  i s  i n c o r p o r a t e d  

i n t o  our  d e s i g n .  Most  n o te w or th y  i s  the c o l l i m a t i on system 

t h a t  the  p h y s i c i s t s  a t  Purdue produced f o r  the  a tomic  beam.

The use o f  e tched copper  f o i l s  i n  f o r m in g  an "a imed"  beam 

produces h i gh  beam d e n s i t i e s  i n  the  e x c i t a t i o n  r e g i o n  w i t h o u t  

i n c r e a s i n g  the pumping l o a d .  Th i s  t e c h n i q u e  has been used 

s u c c e s s f u l l y  i n  the  p r o d u c t i o n  o f  an Argon beam i n  the MSU 

l i g h t  s o u rc e .

The ma jo r  d i f f e r e n c e  i n  the  a tomic  beam sou rce  a t  MSU

comes i n  the  s p e c t r a l  r e g i o n  under  i n v e s t i g a t i o n .  Th i s  s t udy

i s  concerned m a i n l y  w i t h  the ex t reme vacuum u l t r a v i o l e t  r e g i o n .

Most  o f  t he  work done thus f a r  has been w i t h  the  resonance

l i n e s  o f  Argon I ,  a t  1 048.22 A and 1 067.66 A ^ 5 and the

919.78 A and 932.05 A ^  l i n e s  o f  Argon I I .  Thus by p roduc ing

em iss ion  l i n e s  i n  t h i s  s p e c t r a l  r e g i o n  we have a vacuum

u l t r a v i o l e t  a tomic  beam l i g h t  sou rce .

The t i t l e  o f  a paper  i n  a S o v i e t  j o u r n a l  i n d i c a t e s  t h a t

a d i f f e r e n t  t ype  o f  vacuum u l t r a v i o l e t  l i g h t  sou rce  has been 
I 2c o n s t r u c t e d .  • A p p a r e n t l y  an u l t r a s o n i c  gas j e t  e x c i t e d  by 

an e l e c t r o n  beam i s  the  source  o f  r a d i a t i o n .



I I .  THEORY

Seve ra l  c o n s i d e r a t i o n s  are i m p o r t a n t  i n  u n d e r s ta n d i n g

the  u s e fu l n e s s  and e f f e c t i v e n e s s  o f  an a tomic  beam sou rce ,
q

S t a n le y  d e f i n e s  the r a d i a n c e  o f  a s p e c t r a l  l i n e ,  o f  

wav e leng th  X , as

Bx = c Qx / n ( x )  j e ( x ) dx .

Here c i s  a c o n s t a n t ;  Qx i s  the  e x c i t a t i o n  c ross  s e c t i o n ;  and 

n ( x )  and j e ( x ) are the  a tomic  number d e n s i t y  and e l e c t r o n  f l u x  

d e n s i t y .  The c o o r d i n a t e  x denotes the d i r e c t i o n  o f  o b s e rv a ­

t i o n .  A ve ry  d e t a i l e d  d e r i v a t i o n  o f  both n ( x )  and j e ( x ) i s
9i n c l u d e d  i n  S t a n l e y ' s  paper .  ■ Only s e l e c t e d  p o i n t s  w i l l  be 

d i scus sed  he re ,  and o n l y  n ( x )  w i l l  be c a l c u l a t e d  f o r  the  MSU 

a tomic  beam s o u r c e .

The i m p o r t a n t  aspec ts  o f  the  source  are the c o l l i m a t i on,  

the  t r a n s m i t t a n c e  o f  the  m u l t i - c h a n n e l e d  c o l l i m a t o r  and t he  

w i d t h  o f  an i n d i v i d u a l  cha nn e l .  The maximum beam d e n s i t y  

occu rs  when the mean f r e e  pa th  o f  t he  gas atoms equa l s  the 

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

us ing  t he  geomet ry  o f  the  p r e s e n t  source  and i t s .  c o l l i m a t i n g  

assembly.

n = ...I-
n GCoAa

See the  Append ix  f o r  the  d e r i v a t i o n  o f  t h i s  r e s u l t .  Here n 

i s  the  maximum number d e n s i t y  i n  the  beam; T i s  the t r a n s ­

m i t t a n c e ;  C i s  t he  co l  I i m a t i on'; o i s  a c ross  s e c t i o n  i n v o l  v i ng
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t he  e f f e c t i v e  a tomic  d i a m e t e r ;  and Aa i s  the  w i d t h  o f  a s i n g l e

ch a n n e l .  Cons ider  now the p r o d u c t  na (a = t o t a l  w i d t h  o f

c o l l i m a t o r  ass e mb ly ) .  Th is  g i v e s  t he  number o f  atoms per

u n i t  a r e a .  For the  MSU sou rce  t he  f o l l o w i n g  c o n d i t i o n s  e x i s t :

a = Imm5 Aa = .012mm, T = 45%, G = 20 and I /60 = 2 . 2 x 1 O^2 
2

atoms/cm f o r  argon atoms.  The a tom i c  beam thus  t h e o r e t i c a l l y
I O O

c o n t a i n s  a maximum o f  4 .08x10 atoms/cm .

The c o l l ima t i o n , C, has s i g n i f i c a n c e  i n  p r e d i c t i n g  t he  

r e d u c t i o n  o f  t he  Dopp le r  b roaden ing  o f  a s p e c t r a l  l i n e .  

Cons ide r  a beam d e f i n e d  by two c o l l i m a t i n g  s l i t s .  The f i r s t  

has .a w i d t h  a ] i n  t he  d i r e c t i o n  o f  o b s e r v a t i o n  and the second 

has a w i d t h  . I f  t he  d i s t a n c e  between the two s l i t s  i s  

d e s i g n a te d  by d ^ t h e n  t he  co l  l i m a t i on C = 2d1 /  ( a  ̂+a2 ) .  Th is  

i s  the  r e c i p r o c a l  o f  the  maximum an g le  t h a t  the  atoms make 

toward the  d i r e c t i o n  o f  o b s e r v a t i o n .  In the p r e s e n t  source 

C = 20. . The argon atoms a t  room te m p e r a tu re  co r resp ond  t o  a 

Dopp le r  w i d t h ^  o f  I 87mk ( I  mk = 10~2cm~^) .  Using the  a tomic  

beam w i t h  C = 20,  t h i s  w i d t h  i s  reduced to  = 9 . 4mk.



I I I .  EXPERIMENTAL PROCEDURE

See F igu res  I , 2. The e n t i r e  a tomic  beam appa ra tus  

i n c l u d i n g  the  monochromator  i s  f i r s t  evacuated by t h r e e  

vacuum pumps. A beam o f  Argon atoms i s  then c o l l i m a t e d  i n t o  

an e x c i t a t i o n  r e g i o n .  An e l e c t r o n  gun d i r e c t s  a sheet  o f  

e l e c t r o n s  p e r p e n d i c u l a r  to  the  a tomic  beam d i r e c t i o n  to  

e x c i t e  t he  argon atoms.  The l i g h t  e m i t t e d  by these  atoms i s  

ana lyzed  by a. monochromator  which v iews the l i g h t  p e r p e n d i ­

c u l a r  to  both the e l e c t r o n  and a tomic  beams.

Appa ra tus  D e s c r i p t i o n

The Atomic Beam * I

The Beam i s  produced i n  a copper  tube us ing  a VacTron i c  

v a r i a b l e  l e a k  v a l v e  to  r e g u l a t e  t he  amount o f  gas atoms i n  the  

beam. The beam passes t h roug h  two a p e r t u r e s  i n  r e ac h i n g  the 

e x c i t a t i o n  r e g i o n . ’ . The f i r s t  a p e r t u r e ,  the oven s l i t ,  i s

I Omm long and I mm w ide .  I t  c o n s i s t s  o f  an "a imed"  m u l t i ­

channel  ed c o l l i m a t o r  s i m i l a r  t o  t h a t  produced by S ta n le y  and 

L a r s o n . ^^ The second a p e r t u r e  o f  c o l l i m a t i n g  s l i t  i s  8mm long 

and I mm w ide .  Th i s  s l i t  i s  i n  the  w a l l  s e p a r a t i n g  the oven 

re g i o n  f rom the e x c i t a t i o n  chamber.  Each chamber i s .  pumped 

s e p a r a t e l y .  (See F ig u r e  2) The d i s t a n c e  s e p a r a t i n g  the two 

a p e r t u r e s  i s  8mm. The I mm w i d th s  o f  the  s l i t s  are i n  the 

d i r e c t i o n  o f  the  monochromator .  The - coppe r  t u b e ,  i n c l u d i n g
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THE ATOMIC BEAM LIGHT SOURCE 
FIG. I
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the  m u l t i - c h a n n e l e d  c o l l i m a t o r  can be moved us ing  an a d j u s t ­

ab le  be l l o w s  so t h a t  the  beam i n t e n s i t y  i n  the  e x c i t a t i o n  

r e g i o n  may be maximized b e fo re  t a k i n g  a s p e c t r a l  scan.

The concep t  o f  a m u l t i - c h a n n e l e d  c o l l i m a t o r  has been 

d i scus sed  i n  the l i t e r a t u r e . T h e  c o l l i m a t o r  i n . t h e  

p r e s e n t  a tomic  beam source f o l l o w s  the  des ign  o f  S ta n le y  and 

L a r s o n . ^^ Th is  m u l t i - c h a n n e l e d  c o l l i m a t o r  i s  c o n s t r u c t e d  by 

s t a c k i n g  f o r t y  l a y e r s  o f  .001 i nch  (.025mm) b e r y l l i u m  copper  

f o i l .  Each f o i l  has f o r t y  r e c t a n g u l a r '  grooves formed by 

p h o t o e t c h i n g .  They are aimed t o  f ocus  i n  the  e x c i t a t i o n  

re g i o n  a t  a p o i n t  30mm f rom the  base o f  the c o l l i m a t o r .  The 

s i z e  o f  an i n d i v i d u a l  f o i l  i s  I 6mmx3. 5mmx. 025mm. The i n d i v i d  

ual  channel  c r o s s - s e c t i o n a l  d imens ions  are . 25mmx. 0 1 2mm.

Dense beams are p o s s i b l e  s i n c e  the  maximum beam d e n s i t y  i s  

governed .by the  mean f r e e  path o f  the  atoms e q u a l i n g  the 

nar row d imens ion  o f  the  c h a n n e l . T h e . r a t i o  o f  open area to  

c l os ed  area a f t e r  e t c h i n g  and s t a c k i n g  f o r t y  f o i l s  i s  

a p p r o x i m a t e l y  45%, Th i s  d e f i n e s  the  t r a n s m i t t a n c e .

The E l e c t r o n  Gun

The e l e c t r o n  gun des ign  i s  based on an e l e c t r o n  gun 

c o n s t r u c t e d  by R o b i s c o e J ^  See F i g u re  3. A' permanent  magnet 

houses the  e l e c t r o n  gun t h u s , t h e  magne t i c  f i e l d  ac t s  as a 

c o l l i m a t o r  f o r  the  e l e c t r o n  beam. The s l o t t e d  anode c o n t a i n s  

t he  e x c i t a t i o n  r e g i o n  f o r  the a tomic  beam. See F ig u r e  3 ( b ) .
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As e l e c t r o n s  l eave  the f i l a m e n t ,  the  anode v o l t a g e  a c c e l e r a t e s  

them towards the anode.  The magne t i c  f i e l d  c o l l i m a t e s  them 

i n t o  a sh e e t .  A s l i t  c u t  i n  the  copper  anode f aces  the 

monochromator  f o r  v i e w i n g  r a d i a t i o n .  The v a r i o u s  p a r t s  o f  

the  gun assembly  are i n s u l a t e d  f rom the magnet and each o t h e r  

by a b l o c k  o f  boron n i t r i d e .  C u r r e n t  and v o l t a g e  c o n ne c t i o ns  

a re  made w i t h  vacuum feed t h roughs  i n  the  w a l l  o f  t he  chamber . 

The magne t i c  f i e l d  i n  the  e x c i t a t i o n  r e g i o n  i s  r o u g h l y  I OOQ 

gauss.  The anode c o n s i s t s  o f  a machined copper  b l o c k .  The • 

cathode i s  c o n s t r u c t e d  by spo t  w e l d i n g  a .008 i nch  t u ng s te n  

f i l a m e n t  on two .020 i nch  t u n g s te n  s u p p o r t . A s h i e l d  i s  

connec ted  t o  one o f  t he  magnet  po le  f aces  t o  b l o c k  ou t  d i r e c t  

rad iat ion  from the heated f i lament  to the monochromator,.

A l s o ,  a l l  p a r t s  o f  the  e l e c t r o n  gun assembly v i s i b l e  t o  the 

monochromator  a re  o p t i c a l l y  b l ackened w i t h  g r a p h i t e .

The magnet  i s  suspended on two r o l l e r  be a r i n g s  a l l o w i n g  

l a t e r a l  movement i n  o r d e r  t o  max imize l i g h t  r e a c h in g  the 

monochromator  f rom the  e x c i t a t i o n  r e g i o n .  Th i s  l a t e r a l  

a d j u s tm e n t  can be done w h i l e  t he  system remains under  a 

vacuum by means o f  a sma l l  r a ck  and gear  on a r o t a t a b l e  feed 

t h r o u g h . Thus the r a d i e n t  o u t p u t  o f  t he  l i g h t  source  can be 

maximized by p r o p e r  a d j u s t m e n t  o f  both the a tom i c  beam and 

the e l e c t r o n  gun p o s i t i o n .

The geomet ry  o f  the  beam and t he  e l e c t r o n  gun a l l o w  the
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monochromato. r  to an a l y ze  the l i g h t  a t  90° to  bo th  the  e l e c t r o n  

and a tom i c  beam m o t i o n s .  Th is  reduces the Dopp le r  b roaden ing  

o f  t he  s p e c t r a l  l i n e s .

An anode c u r r e n t  r e g u l a t o r ^ 5 i s  used t.o m a i n t a i n  a 

c o n s t a n t  anode c u r r e n t  i n  the  e l e c t r o n  gun t h r o u g h o u t  the 

e x p e r i m e n t .  For i n s t a n c e  a t  an anode v o l t a g e  o f  100 v o l t s  a 

c o n s t a n t  anode c u r r e n t  o f  any v a l u e  f r om 0 t o  15 MA can be 

m a i n t a i n e d .

D e t e c t i o n  System

A McPherson model 215 vacuum monochromator  w i t h  one meter  

pa th  l e n g t h  scans the s p e c t r a l  l i n e s  and a l l o w s  the  v a r i o u s  

u l t r a v i o l e t  l i n e s  t o  be s t u d i e d .  The s l i t s  are kep t  nar row 

so as to r e s o l v e  t he  two resonance l i n e s  o f  argon and the two ■' 

i on  l i n e s .  T y p i c a l  s l i t  w i d th s  were .150 mm f o r  the  en t ran ce  

s l i t  and . 200mm f o r  the  e x i t  s l i t .

Sodium s a l i c y l a t e  i s  d e p o s i t e d  on the  py rex  window o f  the  

RCA 4523 p h o t o m u l t i p l i e r  t ube .  The ph ospho rescen t  p r o p e r t i e s '®  

o f  t h i s  f i l m  on the window enab les  the  tube t o  d e t e c t  r a d i a t i o n  

i n  the  ext reme u l t r a v i o l e t .  The p h o t o m u l t i p l i e r  i s  ope ra ted  

a t  1 300 v o l t s  n e g a t i v e .  The p h o t o m u l t i p l i e r  c u r r e n t  i s  

measured w i t h  a K e i t h l e y  601 e l e c t r o m e t e r ;

Vacuum System

Three NRC d i f f u s i o n  pumps, two o f  them f o u r  i nches  i n
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d i a m e te r  and t he  o t h e r  one t h r e e  i n c h e s ,  are used to  evacuate  

the e n t i r e  assembly.  The smal l  pump ope ra tes  w i t h o u t  a t r a p  

on the oven chamber.  One f o u r  i nch  pump evacuates  the 

e x c i t a t i o n  chamber and u t i l i z e s  a G r a n v i l l e  P h i l l i p s  Cryosorb  

l i q u i d  n i t r o g e n  t r a p .  The monochromator  i s  pumped by the 

o t h e r  f o u r  i nch  pump and uses a NRC m o l e c u l a r  s o r b e n t  b a f f e l  

t ype  0317-4 charged w i t h  z e o l i t e .  T y p i c a l  base p res su r es  are 

2 x 1 0 " 6 T o r r  i n  t he  oven chamber,  3x10™6 T o r r  i n  t he  monochro­

ma to,r  and 4x10"^  T o r r  i n  t he  e x c i t a t i o n  chamber.



I V ;  MEASUREMENTS AND RESULTS

I n i t i a l  Exper iments

O b t a i n i n g  a s p e c t r a l  trace showing t he  expec ted  resonance 

l i n e s  o f  Argon was o f  pr ime im p o r t a n c e .  F i g u r e  4 shows one 

o f  t he  e a r l y  s p e c t r a l  scans us ing  the argon a to m i c  beam. The 

two l i n e s  a t  919.78 A and 932.05 A are t he  em iss ion  l i n e s  f rom 

the  f i r s t  e x c i t e d  s t a t e  ( 3 s3 p6 ) to  t he  ground state ( 3 s 23p5 ) 

o f  s i n g l y  i o n i z e d  a rgon .  ( A r . I I )  These wave lengths pi  us the  

i o n i z a t i o n  p o t e n t i a l  o f  an argon atom co r respond  t o  t h r e s h o l d  

e n e r g ie s  o f  29.238 eV and 29.059 eV r e s p e c t i v e l y .  The 

1048.22 K and 1066.66 A ^  l i n e s  are the resonance l i n e s  f rom 

the  f i r s t  e x c i t e d  s t a t e  ( 3 s 23p54s) t o  the  ground s t a t e  

( 3s^3p^ )  o f  t he  argon atom. ( A r . I )  These wave leng ths  

co r respond  t o  e x c i t a t i o n  ene rg ies  o f  11.827 eV and 11.623 eV 

r e s p e c t i v e l y .  The a p p a r e n t l y  g r e a t e r  i n t e n s i t y  o f  the  ion 

l i n e s  compared to  t he  resonance l i n e s  stems f rom the  o p e r a t i n g  

c o n d i t i o n s  f o r  t h i s  s p e c t r a l  scan .  A ve ry  dense beam was 

used caus ing  t he  background Argon p r es su re  i n  t he  e x c i t a t i o n  

chamber t o  be h i gh  (on the  o r d e r  o f  3x10"^  T o r r ) .  T h e r e f o r e  

s e l f - a b s o r p t i o n  o f  the  resonance l i n e s  o c c u r s .

A s p e c t r a l  scan us ing  a i r  as t he  m o l e c u l a r  beam produced 

t he  em iss io n  spect rum seen i n  F i g u r e  5. Some o f  t he  n i t r o g e n  

and oxygen l i n e s  are noted i n  t h i s  ex t reme vacuum u l t r a v i o l e t  

r e g i o n .
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Secondary E l e c t r o n  E f f e c t

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

demons t ra ted  f o r  t he  two i on  l i n e s .  See F i g u r e  6. The l a c k  

o f  q u a d r a t i c  b e h a v i o r  e l i m i n a t e s  the  p o s s i b i l i t y  o f  secondary  

e l e c t r o n  e x c i t a t i o n  o f  the  a tom i c  beam. The l i n e a r i t y  s t a r t s  

to  d i v e r g e  i n  the  12-14 ma r e g i o n .  At  t hese anode c u r r e n t s  

some e l e c t r o n s  reach the anode w i t h o u t  be ing c o l l i m a t e d  and 

t r a v e l i n g  t h roug h  the  e x c i t a t i o n  r e g i o n .  (See F i g u r e  3 ) . *

E x c i t a t i o n  Fu nc t i on s

The r e l a t i v e  o p t i c a l  e x c i t a t i o n  f u n c t i o n s  o f  the  two 

Argon 11 l i n e s  are shown i n  F i g u r e  7. The e x c i t a t i o n  f u n c t i o n s  

f o r  a given,  s p e c t r a l  l i n e  show, the  r e l a t i v e  i n t e n s i t y  o f  t h a t  

l i n e  as a f u n c t i o n  o f  the  e l e c t r o n  energy f o r  c o n s t a n t  atom 

d e n s i t y  and c o n s t a n t  e l e c t r o n  c u r r e n t . ^  The p l o t  beg ins  a t  

t he  t h r e s h o l d  energy f o r  t he  l i n e s .  A t  p r e s e n t  no r e f e r e n c e s  

to e x c i t a t i o n  f u n c t i o n s  o f  these  Argon I I  l i n e s  have been 

found i n  the  l i t e r a t u r e .

Pressure  Dependence o f  t he  Argon I Resonance L i nes

An unexpected p r e s s u r e  dependence o f  the  Ar  I resonance 

l i n e s  a p p e a r e d ' i n  t e s t i n g  the o p e r a t i o n a l  a b i l i t y  o f  the 

a tomic  beam l i g h t  s o u r c e . ' See F i g u re s  8 - 10 .  Th i s  b e h a v i o r  

was d u p l i c a t e d . a  number o f  t i m e s .  Th i s  e f f e c t  i s  not

,  : ,
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c o m p l e t e l y  unde rs tood  a l t h o u g h  some p o s s i b i l i t i e s  are s u g g e s t ­

ed. Be fo re  a n a l y z i n g  the  d a t a ,  the  argon p r es su re  read ings  

had t o  be c o r r e c t e d . ^  ^

The p r e s s u r e  b e h a v i o r  o f  the  two l i n e s  showed some 

s i m i l a r i t i e s .  For  i n s t a n c e ,  the  curves  c l i m b  q u i t e  r a p i d l y  as 

the beam d e n s i t y  i s  i n c r e as e d  u n t i l  a r e l a t i v e  maximum o c c u rs .  

The i n t e n s i t i e s  then t r a i l  o f f  t o  a r e l a t i v e  minimum p o i n t  

b e fo re  i n c r e a s i n g  somewhat I i n e a r l y  w i t h  p r e s s u r e .  Th is  

b e h a v i o r  sugges t s  a c om b i n a t i o n  o f  e f f e c t s .  A b s o r p t i o n  

causes an e x p o n e n t i a l  decrease i n  r a d i a t i o n  when t he  back­

ground p r es s u r e  i n c r e a s e s .  The amount o f  a b s o r p t i o n  depends 

on the  d e n s i t y  and t h i c k n e s s  o f  the  abs o rb ing  background gas.  

However , a l ong w i t h  t h i s  a b s o r p t i o n  t h e r e  may occu r  a

r e - e m i s s i o n  o f  t he  r e so na n t  pho tons .  Th i s  t ype  o f  s c a t t e r i n g
2 0i s  s e t  f o r t h  i n  the  t h e o r y  o f " M i l n e  c on ce r n i ng  t he  d i f f u s i o n

p I
o f  r a d i a t i o n  t h ro ug h  a g a s . Zemansky appl  i ed  M i l n e ' s  t h e o r y  

t o  the  quench ing o f  r a d i a t i o n  by an i n f i n i t e  s l a b  o f  abs o rb ing  

gas* Adap t i ng  h i s  t h e o r e t i c a l  r e s u l t s  to  t he  p r e s e n t  data 

may show the  r e l a t i v e  impo r ta nce  o f  t he  s c a t t e r i n g  process  i n  

i n t e r p r e t i n g  t he  p r es s u r e  dependences'  o f  the  Ar  I l i n e s .

A l so  o f  i n t e r e s t , i s  the  r a t i o  o f  the  i n t e n s i t i e s  under  

the  same background "p ressure  changes.  See F i g .  10. A p a r t i a l  

e x p l a n a t i o n  stems f rom the d i f f e r i n g  o s c i l l a t o r  s t r e n g t h s  f o r  

the  two t r a n s i t i o n s  r e s u l t i n g  i n  d i f f e r e n t  a b s o r p t i o n  c o e f f i ­

c i e n t s .  The a b s o r p t i o n  p rocess  ga ins  impo r ta nce  aga in  as the
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background p res su r es  i n c r e a s e .  The o s c i l l a t o r  s t r e n g t h s  f o r

t he  two l i n e s  are .228 and .059 f o r  1 048 K and 1 067. A 
22r e s p e c t i v e l y .  The r a t i o  o f  these  o s c i l l a t o r  s t r e n g t h s  i s  

thus ~4. I t  appears t h a t  the  data f o r  the  two l i n e s  ( F i g u re s  

8,  9) sca le s  w i t h  p r es s u r e  a c c o r d i n g  t o  the i n v e r s e  r a t i o  o f  

t h e i r  o s c i l l a t o r  s t r e n g t h s .  For i n s t a n c e ,  the r e l a t i v e  • 

maximum f o r  1048 A i s  about  3x10 ^ T o r r  w h i l e  f o r  1067 A i t  

occu rs  a t  12x10~6 T o r r . Th is  o b s e r v a t i o n  about  t he  o s c i l l a t o r  

s t r e n g t h s  m i gh t  be s u b s t a n t i a t e d  by the d i s c u s s i o n  o f  M i t c h e l l  

and Zemansky s i n c e  the a b s o r p t i o n  c o e f f i c i e n t  i s  p r o p o r t i o n a l  

to  the  o s c i l l a t o r  s t r e n g t h . .  They noted t h a t  a t  low p ressu res  

the s c a t t e r e d  r a d i a t i o n  emerg ing f rom a t h i c k n e s s  o f  ab so rb in g  

gas i s  p r o p o r t i o n a l  to  the a b s o r p t i o n  c o e f f i c i e n t .



V. CONCLUSION

The. a tom i c  beam l i g h t  sou rce  has f u n c t i o n e d  w e l l  and has 

produced a tomic  em iss i on  l i n e s  i n  the  vacuum u l t r a v i o l e t .

More i m p o r t a n t  perhaps than the r e s u l t s  o b ta i n e d  w i t h  i n i t i a l  

ex pe r im en ts  w i t h  argon a re  the  p o s s i b i l i t i e s  f o r  f u t u r e  use 

c o n ta i n e d  i n  such a l i g h t  s o u r c e . For  i n s t a n c e ,  most  o f  the 

r a r e  gases cou ld  p r o v i d e  an e f f e c t i v e  a tomic  beam f o r  resonance 

work .  The p r es s u r e  dependences o f  resonance l i n e s  a l s o  o f f e r  

i n t e r e s t i n g  m a t e r i a l  f o r  f u t u r e  s tu d y  due t o  t h e i r  un ex p l a i n ed  

b e h a v i o r .
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The d e r i v a t i o n  o f  t he  maximum beam d e n s i t y  i s  g i ven  i n  
9S t a n l e y ' s  paper .  The f o l l w o i n g  d i s c u s s i o n  p a r a l l e l s  h i s  

d e r i v a t i o n  bu t  uses t he  geomet ry  o f  the  MSU l i g h t  sou rce .

Con s id e r  t he  a tomic-beam to  o r i g i n a t e  i n  a h i gh  p r es s u r e  

r e g i o n  c a l l e d  the  oven.  The beam passes t h roug h  t he  oven 

a p e r t u r e  i n t o  a r e g i o n  o f  much l ower  p r e s s u r e .  See F ig u r e  11. 

The number d e n s i t y ,  n , a t  a p o i n t  c i s  the d e s i r e d  q u a n t i t y .

n = ( a l b i )

1 Aird2 2
( I )

Cor respond ing  t o  F ig u r e  11, a-j and b^ are the nar row and wide

d imens ions  o f  t he  r e c t a n g u l a r  oven a p e r t u r e .  The q u a n t i t y

n-, i s  the  number d e n s i t y  i n s i d e  the  oven and a ~*. p i s  the 
1 dg

s o l i d  ang le  subtended by the a p e r t u r e .  Of course  t he  mean 

f r e e  p a t h ,  L , o f  the  atoms i n  the  oven must  be l a r g e r  than a-j 

f o r  m o l e c u l a r  e f f u s i o n  t o  occu r  ( E q u a t i o n  ( I )  has a l r e a d y  

assumed m o l e c u l a r  e f f u s i o n ) .  Now c o n s i d e r  6 as the  e f f e c t i v e  

a tomic  d i a m e t e r ,  then

I
VrZrc 62nI '

D e f i n e  a c o n s t a n t  a = A/Zre § . From (2)  we have

L - S l b  ° r .  "I

For  a maximum n-j we s e t  L = a  ̂ so 

_ 4tt

( 2 )

(3 )

( 4 )
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Subs t i  t u t  i  ng i n t o  ( I ) ,  t he  beam d e n s i t y  becomes 

b-
n = I

ad, (5)

The l ong d i mens i on  o f  t he  s l i t ,  b1 , i s  a p p r o x i m a t e l y  dg / 2 .  

Thus we a r r i v e  a t  

.. ' I
2ad, ( 6 )

A second c o l l i m a t i n g  a p e r t u r e  w i t h  d i mens i ons  a 2 and bp 

i s  p l aced  between p o i n t  c and t he oven a p e r t u r e .  Th i s  second 

a p e r t u r e  a l l o w s  o n l y  a smal l  number o f  t he atoms f r om t he oven 

to reach t he  e x c i t a t i o n  r e g i o n . The c o l l i m a t i o n  o f  t he beam 

i s

C " 1I
a I +a2

In the  p r e s e n t  source a^=a2=a and d-j=d2/3  so

d2 ' ‘ .
C = Sa" o r  ^ 2 = 3aC

Combining (8 )  and (6 )  we have

I
■ 6oCa

Thus, t he  number d e n s i t y  per  u n i t  area i s

(7)

( 8 )

(9a)

na 6oC ( 9b)
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I f  a m u l t i - c h a n n e l e d  c o l l i m a t o r  w i t h  channel  w i d t h  Aa 

r e p l a c e s  t he  oven a p e r t u r e  we f i n d  t h a t

n-j = 4n ( oAa) (11)

Wi t h  t he n u l t i - c h a n n e l e d  c o l l i m a t o r  no t  a l l  t he  area i n c l u d e d  

i n  t he  o v e r a l l  d i mens i ons  a^xb^ t r a n s m i t s  atoms.  . The 

t r a n s m i t t a n c e  T i s  t he  r a t i o  o f  open area t o  c l o s e d  a r e a .

Using I  and (11)  we a r r i v e  a t  t he  f i n a l  r e s u l t s  f o r  n.

" = I c k s  0 2 »)

The number d e n s i t y  per  u n i t  area i s

na = 6 C 5 H  0 2 b )
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