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A b s t r a c t 

The- shape of the Ne.X6074.3 A° a b s o r p t i o n l i n e p r o f i l e 

has been i n v e s t i g a t e d u s i n g the Zeeman sc a n n i n g t e c h n i q u e . 

Neon glow d i s c h a r g e s a t t h r e e p r e s s u r e s , 2 T o r r , 

50 T o r r , and 100 T o r r , were used as a b s o r b e r s w h i l e a 2 T o r r 

G e i s s l e r tube was used as the s o u r c e . The s e l f - p r e s s u r e 

b r o a d e n i n g of the observed l i n e was c l e a r l y observed and 

the r a t e of b r o a d e n i n g compares w e l l w i t h t h e o r e t i c a l e s t i m a t e s 

made from the impact t h e o r y w i t h a van der Waals i n t e r a c t i o n 

assumed. 

No s h i f t was d e t e c t e d , i n c o n t r a d i c t i o n t o the t h e o r y . 

T h i s l a c k of s h i f t , and the r a t e of p r e s s u r e b r o a d e n i n g 

o b s e r v e d , were i n agreement w i t h the r e s u l t s of Smi t h (14) 

r e g a r d i n g t h e s h i f t and br o a d e n i n g of the Ca. X6573 A° l i n e 

by neon. 
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CHAPTER I 

INTRODUCTION 

S p e c t r a l l i n e s , b o t h i n e m i s s i o n and a b s o r p t i o n , are 

c h a r a c t e r i z e d by t h e i r shape, f r e q u e n c y , and i n t e n s i t y or 

s t r e n g t h . The shape of a s p e c t r a l l i n e i s p r i m a r i l y 

d e t e r m i n e d by the p h y s i c a l environment of i t s s o u r c e , i n 

p a r t i c u l a r t he t e m p e r a t u r e , n e u t r a l p a r t i c l e d e n s i t y , 

e l e c t r o n d e n s i t y , and e l e c t r i c or magnetic f i e l d s p r e s e n t . 

For most h i g h t e m p e r a t u r e plasmas i n t h e absence of s t r o n g 

e l e c t r o m a g n e t i c f i e l d s t he shape of the l i n e i s d e t e r m i n e d 

by t h e temp e r a t u r e and e l e c t r o n d e n s i t y . A t lower t e m p e r a t u r e s 

i t i s the te m p e r a t u r e and n e u t r a l p a r t i c l e d e n s i t y w h i c h are 

u s u a l l y most s i g n i f i c a n t . 

G e i s s l e r tube and glow d i s c h a r g e plasmas, w h i c h b e l o n g t o 

the l a t t e r c l a s s of lo w e r t e m p e r a t u r e plasmas, are f r e q u e n t l y 

employed i n s p e c t r o s c o p i c work as so u r c e s or a b s o r b e r s of 

s p e c t r a l l i n e s . For example i n two r e c e n t experiments a t the 

U n i v e r s i t y of B r i t i s h Columbia the a b s o r p t i o n i n glow 

d i s c h a r g e s of l i g h t e m i t t e d by G e i s s l e r tubes has been used 

t o measure r e l a t i v e t r a n s i t i o n p r o b a b i l i t i e s i n neon. One 

experiment compared t h e a b s o r p t i o n s t r e n g t h s of v a r i o u s 

s p e c t r a l l i n e s ( l ) w h i l e the second u t i l i z e d Faraday r o t a t i o n 

i n a. glow d i s c h a r g e t u b e ( 2 ) . I n b o t h experiments i t was 

assumed t h a t the a b s o r p t i o n and e m i s s i o n l i n e shapes were 

G a u s s i a n , due t o t h e r m a l D o p p l e r b r o a d e n i n g a l o n e . A p p r e c i a b l e 
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departure from the Gaussian shapes assumed could a f f e c t the 

v a l i d i t y of these r e s u l t s . 

Estimates of pressure broadening, made ac c o r d i n g to the 

impact theory under the assumption of a van der Waals 

i n t e r a c t i o n , i n d i c a t e t h a t under glow d i s c h a r g e c o n d i t i o n s 

there may indeed be s u f f i c i e n t p r essure broadening to a l t e r 

the l i n e shapes s i g n i f i c a n t l y . In a d d i t i o n t h i s theory 

p r e d i c t s a s l i g h t , p r e ssure dependent, decrease i n the 

frequency of the s p e c t r a l l i n e . 

I t was thus d e s i r ^ a b l e to examine at l e a s t one such neon 

glow d i s c h a r g e l i n e not only to check the v a l i d i t y of the 

assumption of Gaussian l i n e shapes but a l s o to t e s t the 

t h e o r e t i c a l p r e d i c t i o n s . However the s p e c t r a l l i n e s i n glow 

d i s c h a r g e and G e i s s l e r tube plasmas are too narrow to be 

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

unless equipment of very high r e s o l u t i o n (—£10 ) i s employed. 

I t had been demonstrated by S t a n s f i e l d ( 3 ) t h a t with the 

Zeeman scanning technique of B i t t e r et a l (4) I t should be 

p o s s i b l e to d i s c e r n the exact shape of such narrow s p e c t r a l 

l i n e s . With t h i s technique a s i n g l e cr-component of a 

normal Zeeman t r i p l e t i s i s o l a t e d and employed as a v a r i a b l e 

frequency source. I t i s passed through an absorber t o . scan 

the a b s o r p t i o n l i n e under examination. The f r a c t i o n a l 

t r a n s m i s s i o n i s obtained f o r a range of source f r e q u e n c i e s 

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

t r a n s m i s s i o n curves g e n e r a l l y r e f l e c t the shapes of both the 
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source and the a b s o r b e r and are s e n s i t i v e t o v a r i a t i o n s i n 

e i t h e r ; , By comparing t h e s e r e s u l t s t o the p r e d i c t i o n s of a 

s i m p l e model the l i n e shapes of so u r c e and a b s o r b e r may 

be e x t r a c t e d . 

As employed i n t h i s experiment t h e t e c h n i q u e seemed 

c a p a b l e of d e t e c t i n g changes i n the w i d t h of an a b s o r p t i o n 

l i n e as s m a l l as 2 mA° (which f o r the l i n e s t u d i e d c o r r e s p o n d s 

to 10% or l e s s of t h e h a l f w i d t h ) . I t a l s o seemed c a p a b l e of 

q u i t e a c c u r a t e d e t e r m i n a t i o n of t h e l i n e shape. Because the 

Zeeman s c a n n i n g a p p a r a t u s i s composed of equipment u s u a l l y 

a v a i l a b l e i n a l a b o r a t o r y or e l s e o b t a i n a b l e a t low c o s t , the 

t e c h n i q u e seemed a t t r a c t i v e as a s i m p l e , economic means of 

s t u d y i n g t h e shape of a narrow l i n e from a neon glow d i s c h a r g e . 
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CHAPTER I I 

THEORY 

A. S p e c t r a l L i n e A b s o r p t i o n and T r a n s m i s s i o n Curves 

As r a d i a t i o n p a s s e s t h r o u g h an element of a b s o r b i n g 

medium the f r a c t i o n of t h i s r a d i a t i o n absorbed i s d i r e c t l y 

p r o p o r t i o n a l t o the a b s o r b i n g ' s t r e n g t h ' of the medium and 

the l e n g t h of the a b s o r b e r t r a v e r s e d . 

d l J j L l = - k(?> )dx I 
) 

l ( y ) i s the i n t e n s i t y of the r a d i a t i o n a t 

f r e q u e n c y ~P . 

k ( ^ ) i s t h e a b s o r p t i o n c o n s t a n t ( ' s t r e n g t h ' of 

the a b s o r b e r ) : a t f r e q u e n c y 7^ . 

dx i s the e l e m e n t a l l e n g t h of a b s o r b e r t r a v e r s e d . 

I n t e g r a t i n g f o r a homogeneous ab s o r b e r of l e n g t h J. and 

d e n o t i n g the i n c i d e n t i n t e n s i t y by l^(j? ) and the t r a n s m i t t e d 

i n t e n s i t y by Ij(7?): 

= I.(>>)exp{ - k{f)J] I I 

The a b s o r b e r w i l l i t s e l f emit- l i g h t a t f r e q u e n c y j). T h i s 

l i g h t w i l l have an i n t e n s i t y comparable t o 1̂  (1?) . However 

the s o u r c e i s i n t e n s i t y modulated and a l o c k - i n a m p l i f i e r i s 

employed t o d e t e r m i n e the t r a n s m i t t e d i n t e n s i t y . The unmodul­

ated l i g h t e m i t t e d by the a b s o r b e r i s r e j e c t e d as n o i s e by the 

phase s e n s i t i v e d e t e c t i o n system. S i n c e t h e l o c k - i n a m p l i f i e r 
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used improved the s i g n a l - t o - n o i s e r a t i o by a f a c t o r of 100 or 

more, the l i g h t emitted by the absorber may be omitted from 

c o n s i d e r a t i o n . Hence Equation I I giv e s e x a c t l y the i n t e n s i t y 

emergent from an absorber of l e n g t h i . 

In the r e g i o n of an a b s o r p t i o n l i n e k ( ^ ) w i l l have a 

frequency dependence peaking at the l i n e centre ^ as 

i n d i c a t e d below. 

k( )\ 

2 

o.-

A u s e f u l measure of the width of an a b s o r p t i o n l i n e 

i s the h a l f width which i s here d e f i n e d as the f u l l 

width at the half-maximum of ) - see above. 

I f a band of r a d i a t i o n w i t h frequency mean c h a r a c t e r i z e d 

by the shape I ^ ( ^ - ̂  ) i s passed through a l e n g t h 1 of absorber 

s p e c i f i e d by k ( ^ ) s k ( y - % ) where i s the c e n t r a l frequency 

of the absorber, then the r e s u l t a n t i n t e n s i t y at frequency 

i s : 

I f (/) = I^Z-^s )exp { - k ( / - ^ I I I 
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i 

i l . o -
^- exp{-k( iJ-tiU} 

; < 

\ 
\ 1 

\ 1 • 
\ 1 • 
\ ' • 
\ 1 

\ 1 • \ 1
 ''• \ 1 

\ 1 • \ i 
\ i 

i \ 
i 

>—~ — i 

V 

The inc ident or source f lux i s : s(^) = y , I i ( > ? - ^ ) d y , 

o 
oO 

while the t o t a l f lux transmitted i s : 0 
o 

The f r a c t i o n a l transmission i s the r a t i o of these two f luxes : 

tit) = ^ M 1 

s(i ) 
IV 

Considering the absorber frequency j)0 as a constant the 

transmission w i l l vary with % , the mean frequency of the source, 

This i s depicted schematically i n F i g . 1. 

The width of t h i s transmission curve w i l l be defined as 

the f u l l width at ' half-minimum' - At- as indicated i n F i g . 1. 

Several s a l i e n t features of such transmission curves are: 
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-*» A t *• 

: t Q = l i n e c e n t r e (minimum) t r a n s m i s s i o n 

: At = t r a n s m i s s i o n h a l f width 

F i g . 1 T r a n s m i s s i o n Curve Parameters 
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(a) For f i x e d t , A t w i l l i n c r e a s e as t h e source 

w i d t h and the a b s o r b e r w i d t h i n c r e a s e , 

(b) For f i x e d source and a b s o r b e r w i d t h s , A t w i l l 

i n c r e a s e as i s i n c r e a s e d ( i . e . as t Q d e c r e a s e s ) . 

(c) For an i n f i n i t e l y narrow source r e p r e s e n t e d 

by lA?'-%) = then: 

0{?t,?.) = I o e x p { - k(/>,-

t ( ii) = exp{ - k ( ^ s - ^ )£} IVa 
Hence: 

Thus f o r a s u f f i c i e n t l y narrow source t ( ^ ) and A t 

depend on t h e shape of the a b s o r p t i o n l i n e o n l y . 
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B. L i n e B roadening: P r e s s u r e Independent E f f e c t s 

(1) N a t u r a l B r o a d e n i n g : 

No s p e c t r a l l i n e can be p e r f e c t l y monochromatic. Even 

an i s o l a t e d o s c i l l a t o r i s s t i l l p e r t u r b e d by the r e a c t i o n of 

i t s own r a d i a t i o n . C l a s s i c a l l y t h i s can be shown (5) t o r e s u l t 

i n the s p e c t r a l d i s t r i b u t i o n of i n t e n s i t y : 

i ( y - & ) • i 

where T i s the l i f e t i m e of the o s c i l l a t o r . 

The h a l f w i d t h of t h i s d i s t r i b u t i o n , r e f e r r e d t o as 

t h e n a t u r a l l i n e w i d t h , i s : _ l 
* ~ T 

The n o r m a l i z e d i n t e n s i t y i s : 

27T 
(1?-%)2 + (ML)2 V 

T h i s i n v e r s e square form of f r e q u e n c y dependence was 

o r i g i n a l l y d e r i v e d by H. A. L o r e n t z i n 1906 and has s i n c e 

been named the ' L o r e n t z i a n ' p r o f i l e . 

The quantum m e c h a n i c a l t r e a t m e n t of t h i s problem y i e l d s 

t h e same form of i n t e n s i t y d i s t r i b u t i o n and f u r t h e r m o r e shows, 

t h a t L\tfv e q u a l s the sum of the spontaneous t r a n s i t i o n 

p r o b a b i l i t i e s f o r a l l t r a n s i t i o n s from both the i n i t i a l and 

f i n a l s t a t e s . Thus f o r a l i n e r e s u l t i n g from a t r a n s i t i o n 

between s t a t e s m and n: 

M = LA^ + z A n n, n' 
1 + 1 

T n 
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where: and A n n, are the a p p r o p r i a t e E i n s t e i n 

A - c o e f f i c i e n t s . 

T and T are the ' l i f e t i m e s ' of the two s t a t e s . ° m n 

I n the o p t i c a l r e g i o n t h e n a t u r a l l i n e w idth, i s u s u a l l y 

n e g l i g i b l e compared t o the e f f e c t s of o t h e r b r a o d e n i n g 

mechanisms. F or the X6074.3 A 0 l i n e of N e l the l i f e t i m e has 

been measured t o be: 5*10" sec ( 7 ) . T h i s y i e l d s a 

n a t u r a l width, of A^ ^ 6*10 ^ cm ^ 

=0.06 mK. _ 

By comparison the D o p p l e r w i d t h (see below) i s : ~ 50 mK. 

(2) D o p p l e r B r o a d e n i n g : 

R e l a t i v e m otion between a source of r a d i a t i o n and an 

o b s e r v e r w i l l cause a f r e q u e n c y s h i f t of the observed r a d i a t i o n # 

(Doppler e f f e c t ) . The random t h e r m a l motions of an assemblage 

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

s p e c t r a l l i n e b e i n g o b s e r v e d . 

F o r a v e l o c i t y component a l o n g the l i n e of s i g h t v , the 

D o p p l e r f r e q u e n c y s h i f t i s : 

where )l i s the u n s h i f t e d f r e q u e n c y . 

I n an assemblage of p a r t i c l e s of mass M w i t h a M a x w e l l i a n 

v e l o c i t y d i s t r i b u t i o n c h a r a c t e r i z e d by a temperature T, the 

f r a c t i o n w i t h a l i n e of s i g h t v e l o c i t y component between 

v and v + dv i s : 
s s s 
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N i s t h e t o t a l number of p a r t i c l e s 

k i s Boltzmann's c o n s t a n t . 

For r a d i a t i n g p a r t i c l e s t h i s same f r a c t i o n w i l l have 

f r e q u e n c i e s between j) and A dP where 
c y° 

S u b s t i t u t i n g f o r v g : 

v l 2kT J N 

For an o p t i c a l l y t h i n i n c o h e r e n t source the i n t e n s i t y 

i s p r o p o r t i o n a l t o t h e number of r a d i a t i n g p a r t i c l e s : 

^ " N 

I t i s the t o t a l l i n e i n t e n s i t y . 

The h a l f w i d t h of t h i s d i s t r i b u t i o n t { f u l l w i d t h a t h a l f -

maximum) i s : A „ , „ i / 

AV = o -)?( 2 k T l n 2 V2 

The n o r m a l i z e d i n t e n s i t y d i s t r i b u t i o n i s : 

y-ye) i 2 K ^ - v M - 2 / I n ? f - [ 2 Vln?̂ -̂ )] . 

where l{P-2i) i s here the i n t e n s i t y a t f r e q u e n c y 1? per 

u n i t f r e q u e n c y i n t e r v a l . 

The D o p p l e r f r e q u e n c y s h i f t s a r i s i n g from t h e r m a l motions 
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thus g i v e the l i n e a G a u s s i a n shape. T h i s i s the major 

b r o a d e n i n g mechanism f o r G e i s s l e r tube and glow d i s c h a r g e 

plasmas such as employed i n t h i s e x p e r i m e n t . For the 'X6074.3A° 

l i n e of N e l ( i s o t o p e 20) a t T = 350 °K : A v ? 
^ &VD = 49 mK 

C. L i n e Broadening: P r e s s u r e Dependent E f f e c t s 

The p e r t u r b a t i o n s of e m i t t e r s caused by e n c o u n t e r s w i t h 

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

s p e c t r a l l i n e . As p r e s s u r e and d e n s i t y are i n c r e a s e d the r a t e 

of such encounters i n c r e a s e s , w i t h c o n s e q u e n t l y g r e a t e r 

b r o a d e n i n g . I n t h i s way the b r o a d e n i n g i s p r e s s u r e dependent. 

(1) S t a r k B r o a d e n i n g : 

D u r i n g e n c o u n t e r s w i t h charged p a r t i c l e s the energy l e v e l s 

of an e m i t t e r are p e r t u r b e d ( S t a r k e f f e c t ) . T h i s . r e s u l t s i n 

broadened and s h i f t e d s p e c t r a l l i n e s , g e n e r a l l y of L o r e n t z i a n 

p r o f i l e . Compared t o i o n - b r o a d e n i n g , b r o a d e n i n g by e l e c t r o n s 

i s g e n e r a l l y the g r e a t e r e f f e c t . For low e l e c t r o n d e n s i t i e s , 

such as are encountered i n a glow d i s c h a r g e plasma, the e f f e c t 

of t h e e l e c t r o n s i s s p e c i f i c a l l y r e f e r r e d t o as ' e l e c t r o n -

i m pact' b r o a d e n i n g . The w i d t h s and s h i f t s t h e r e b y produced are 

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

To e s t i m a t e the s i g n i f i c a n c e of t h i s b r o a d e n i n g mechanism 

f o r t h e p r e s e n t experiment an e s t i m a t e of e l e c t r o n d e n s i t y i s 

r e q u i r e d . E c k e r and Z o l l e r (8) have c a l c u l a t e d v a l u e s f o r a 

h e l i u m plasma column. T h e i r c a l c u l a t i o n s y i e l d an e l e c t r o n 
11 3 

d e n s i t y n e ^ 10 cm f o r p r e s s u r e s , c u r r e n t s , and dimensions 
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such as employed i n t h i s e x p e r i m e n t . Assuming t h a t s i m i l a r 

v a l u e s can be expected f o r a neon discharge-, i t s h o u l d be s a f e 
1 2 - 3 t o c o n s i d e r n g ^ 10 cm 

C a l c u l a t i o n s of the S t a r k b r o a d e n i n g parameters f o r N e l 

and o t h e r l i g h t elements have been performed by Griem ( 9 ) . 

From t h e s e c a l c u l a t i o n s the e l e c t r o n - i m p a c t h a l f w i d t h of the 
12 -3 

X6074.3 A 0 l i n e of N e l f o r n- <; 10 cm i s : 

A ^ 
< 0.017 mK 

The c o r r e s p o n d i n g s h i f t i s : A% < 0.009 mK. 

For t h e s e c a l c u l a t i o n s the e l e c t r o n t e m p e r a t u r e was chosen 
o . . • to be 25,000 K , t h e v a l u e found by I r w i n (10) f o r a s i m i l a r 

neon glow plasma. • ' 

S t a r k b r o a d e n i n g of t h i s magnitude i s n e g l i g i b l e compared 

w i t h t h e measured w i d t h and such a s m a l l s h i f t can not be 

r e s o l v e d by the e x p e r i m e n t a l s e t up. 

(2) Van der Waals Broadening and S h i f t : 

The energy l e v e l s of an e m i t t e r may a l s o be p e r t u r b e d 

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

g e n e r a l l y r e s u l t s a broadened and s h i f t e d s p e c t r a l l i n e of 

L o r e n t z i a n p r o f i l e . 

I n pure gases t h e m a j o r i t y of n e u t r a l p a r t i c l e s encountered 

by t h e e m i t t e r w i l l be ground s t a t e atoms of the same s p e c i e s . 

In t h e absence of any resonance e f f e c t s the i n t e r a c t i o n f o r c e s 

w i l l be p r i m a r i l y t h e Van der Waals a t t r a c t i o n . For t h i s 
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t h e l e v e l k i s p e r t u r b e d by: hOJ^_ - - ^6,k 

^ i s the van der Waals c o n s t a n t f o r the l e v e l k and 

the p a r t i c u l a r p e r t u r b e r i n q u e s t i o n . 

r i s the d i s t a n c e between t h e r a d i a t o r and t h e p e r t u r b e r . 

For low d e n s i t y gases such as a glow d i s c h a r g e plasma the 

impact t h e o r y of L i n d h o l m and F o l e y (11) can q u i t e g e n e r a l l y 

be used. I n t h i s t h e o r y i t i s assumed t h a t the d u r a t i o n of 

the encounter I s n e g l i g i b l e ' compared t o the time i n t e r v a l 

between such e n c o u n t e r s . T h i s impact a p p r o x i m a t i o n i s g e n e r a l l y 

v a l i d f o r low p e r t u r b e r d e n s i t i e s such as i n t y p i c a l glow 

d i s c h a r g e plasmas. 

T h i s impact t h e o r y , i n c o n j u n c t i o n w i t h the van der Waals 

i n t e r a c t i o n assumed, p r e d i c t s a L o r e n t z i a n i n t e n s i t y d i s t r i b u t i o n 

whose h a l f w i d t h i s : 

t±9v = 1.3v* n sec 1 V I I 

^ = - ^ where k and k d e s i g n a t e the i n i t i a l 

v i s the mean r e l a t i v e v e l o c i t y between e m i t t e r 

and p e r t u r b e r . 

•and f i n a l l e v e l s . 

n i s the number d e n s i t y of the p e r t u r b e r s . 

In a d d i t i o n t o t h e b r o a d e n i n g t h e impact t h e o r y a l s o 

p r e d i c t s a s h i f t of t h e s p e c t r a l l i n e t o the r e d . The r a t i o of 

b r o a d e n i n g t o s h i f t i s independent of both the i n t e r a c t i o n 

c o n s t a n t C5 and the mean r e l a t i v e v e l o c i t y v. For a w i d t h 
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the s h i f t i s : L\/0 = - i±£±. 
2.76 

The van der Waals c o n s t a n t s may be e s t i m a t e d u s i n g the 

f o l l o w i n g a p p r o x i m a t i o n by Un s o l d (12) : 

2 2 2 
6 ' k I T P ~ 

2 
5n* + 1 - 3J{/+ 1) -1 (• r a d sec cm 

V I I I 

e i s the e l e c t r o n i c c h a rge. 

'fi i s P l a n c k ' s c o n s t a n t f o r a n g u l a r momentum. 

a i s the f i r s t Bohr r a d i u s , o 
n* i s t h e e f f e c t i v e quantum number of the l e v e l k, 

i i s the a n g u l a r momentum quantum number f o r the 

o p t i c a l e l e c t r o n i n l e v e l k. 

o<p i s the p o l a r i z a b i l i t y of the p e r t u r b i n g p a r t i c l e s . 

The v a l i d i t y of t h i s a p p r o x i m a t i o n r e s t s on the assumption 

t h a t the energy s e p a r a t i o n between t h e i n i t i a l and f i n a l l e v e l s 

of the e m i t t e r i s much s m a l l e r t h a n the energy s e p a r a t i o n of 

the ground s t a t e and lower e x c i t e d s t a t e s of the p e r t u r b e r ( f o r 

ground s t a t e p e r t u r b e r s ) . T h i s i s a r e a s o n a b l e assumption f o r 

a n o b l e gas p e r t u r b e r s i n c e t h e r e the f i r s t e x c i t e d s t a t e s l i e 

c o m p a r a t i v e l y h i g h as a r e s u l t of t h e i n c r e a s e i n p r i n c i p a l 

quantum number of the o p t i c a l e l e c t r o n . Hence Un s o l d ' s 

a p p r o x i m a t i o n V I I I s h o u l d be v a l i d f o r neon i n a glow d i s c h a r g e 

p lasma. 

The a p p l i c a t i o n of Uns o l d ' s a p p r o x i m a t i o n r e q u i r e s an 
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e s t i m a t e of the p o l a r i z a b i l i t y cX^ of neon. Two v a l u e s of 

t h i s have been u t i l i z e d . The f i r s t , a ^ t h e o r e t i c a l v a l u e , has 
-25 3 

been t a k e n from A l l e n (13). who g i v e s c>< = 3.96*10 cm 

U s i n g t h e U n s o l d a p p r o x i m a t i o n V I I I t h i s y i e l d s : 

C 6 ( N e 6 0 7 4 / N e ) = 5.82-10 rad s e c " 1 cm° 

Hence from the impact t h e o r y r e l a t i o n VII : 

M - ^ ^ A 2 L = 1.24-lO"^ mK cm 3 

n c n 

S e c o n d l y , an e x p e r i m e n t a l l y based v a l u e has been d e r i v e d 

from t h e r e s u l t s of Sm i t h (14) on t h e p r e s s u r e b r o a d e n i n g 

of Ca 2\6573 A° by neon. Smith's quoted v a l u e of 

A T*7 -18 3 
= 11.0-10 mK cm and r e l a t i o n VII y i e l d : 

n 
C 6 ( C a 6 5 7 3 / N e ) = 2 . 2 7 - 1 0 " 3 2 r a d s e c " 1 cm 6 

T h i s Ca A6573 A l i n e i s a 4s4p - 4s t r a n s i t i o n and the 

energy s e p a r a t i o n of the i n i t i a l and f i n a l s t a t e s i s r o u g h l y 

e q u a l to t h a t of the Ne "X6074.3 A° l i n e . Hence the U n s o l d 

a p p r o x i m a t i o n V I I I s h o u l d be e q u a l l y v a l i d i n t h i s c a s e . U s i n g 

r e l a t i o n V I I I t h e n , t h e p o l a r i z a b i l i t y of neon was d e r i v e d and 

from t h i s : 

C 6 ( N e 6 0 7 4 / N e ) = 1 ' 2 6 ' 1 0 ' 3 1 r a d s e c " 1 cm 6 

W i t h r e l a t i o n VII a g a i n t h i s y i e l d s : 

A y = 1.69*10" 1 7 mK cm 3 . 
n 

o 
For a plasma w i t h T ^ 325 K and P = 10 T o r r ( t y p i c a l f o r 
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glow d i s c h a r g e s ) the n e u t r a l p a r t i c l e d e n s i t y n ^ 3-10 cm 

Under such c o n d i t i o n s t h e above r e s u l t s p r e d i c t van der Waals 

h a l f w i d t h s f o r the NeA6074.3 A 0 l i n e o f : 

* 3.7 mK ( t h e o r y ) 

A?J ~ 5.1 mK (from S m i t h (14) ) 

S i n c e t h i s i s 8 - 10 % of the D o p p l e r w i d t h f o r the same 

c o n d i t i o n s , van der Waals p r e s s u r e b r o a d e n i n g c o u l d s u b s t a n t i a l l y 

a f f e c t l i n e shapes i n a glow d i s c h a r g e . The e x p e r i m e n t a l 

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

The. impact t h e o r y w i t h van der Waals i n t e r a c t i o n a l s o 

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

A # ~1.8 mK t o the r e d . 

However a s h i f t of t h i s magnitude would be b a r e l y d e t e c t a b l e , 

i f a t a l l , w i t h the e x p e r i m e n t a l a p p a r a t u s employed. However 

the l a r g e r s h i f t s t o be expected a t the h i g h e r p r e s s u r e s 

used s h o u l d be e a s i l y d e t e c t e d . 

The s h i f t of t h e Ca A6573 A° l i n e broadened by neon 

observed by Smith (14) was not o n l y s m a l l e r by a f a c t o r of 15 

t h a n t h e p r e d i c t i o n of the impact t h e o r y but was i n a d d i t i o n 

t o the b l u e . T h i s f a i l u r e of the t h e o r y was a t t r i b u t e d by 

Hindmarsh, P e t f o r d , and S m i t h (15) t o the o m i s s i o n of any 

r e p u l s i v e . f o r c e i n t h e i n t e r a c t i o n assumed. S i m i l a r r e s u l t s 

s h o u l d o b t a i n f o r the s h i f t of the Ne\6074.3 A° l i n e i n which 

case t h e a c t u a l s h i f t s produced would be beyond d e t e c t i o n 

w i t h t h e e x p e r i m e n t a l a p p a r a t u s . 
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D. S e l f A b s o r p t i o n B r o a dening 

The b r o a d e n i n g mechanisms d i s c u s s e d i n S e c t i o n s B and 

C a c t t o broaden a s p e c t r a l l i n e 'as i t i s e m i t t e d ' and 

r e s u l t from the immediate p h y s i c a l environment of the e m i t t i n g 

p a r t i c l e s . These mechanisms a p p l y t o both the e m i s s i o n and 

a b s o r p t i o n p r o c e s s e s . 

Subsequent t r a n s m i s s i o n t h r o u g h an a b s o r b i n g medium 

may f u r t h e r a f f e c t the i n t e n s i t y d i s t r i b u t i o n of the e m i t t e d 

l i g h t . S i n c e any p r a c t i c a l l i g h t source must be composed of 

many e m i t t i n g p a r t i c l e s , some of the l i g h t o r i g i n a t i n g from 

r e g i o n s most d i s t a n t from an o b s e r v e r may be p a r t i a l l y 

absorbed b e f o r e emerging from the volume of the s o u r c e . 

C o n s e q u e n t l y the r e s u l t a n t f r e q u e n c y d i s t r i b u t i o n of i n t e n s i t y 

from t h e source as a whole may d i f f e r from t h a t of t h e 

e m i t t i n g p a r t i c l e s per se. 

C o n s i d e r a homogenous source of d i m e n s i o n \l i n the 

l i n e of o b s e r v a t i o n . L e t the e m i s s i v i t y per u n i t l e n g t h be 

where y0 i s the s p e c t r a l l i n e c e n t r e , and l e t the 

a b s o r p t i o n c o n s t a n t (as d e f i n e d i n S e c t i o n A) be k(^ -j£). 

l i n e of o b s e r v a t i o n 
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I n t h e absence of any a b s o r p t i o n the emergent i n t e n s i t y 

a t f r e q u e n c y V would be = j{?-£)J. 
The i n t e n s i t y e m i t t e d by the element dx a t f r e q u e n c y 1? 

i s s i m i l a r l y : j ( ^ - j ^ ) d x . The amount of t h i s w h i c h emerges 

a t £ i s g i v e n by I I I : 

d l s ( y - ^ ) = j ( y - ^ ) e x p { - k ( y - ^ ) \l- x]} dx 

The net i n t e n s i t y i s found by i n t e g r a t i n g over the 

J s o u r c e : 

1 - exp {- k(y-^)Jj 

The q u a n t i t y i n the exponent i s d e f i n e d as the o p t i c a l 

d epth : T(V-X) = k{?-X)J 

1 - e x p f IX 

An o p t i c a l l y t h i n source i s one i n which any photon 

e m i t t e d has a h i g h p r o b a b i l i t y of e s c a p i n g (i,e. a v o i d i n g 
\ n 

a b s o r p t i o n ) . The c r i t e r i o n f o r o p t i c a l thinness a t f r e q u e n c y 

i s : T ( W ) « 1. 
For an o p t i c a l l y t h i n s ource : 

i iv-rt) ~ hW-X) i - ( i -TkV-ti) 
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From t h i s i t can be seen t h a t i n the o p t i c a l l y t h i n 

case t h e l i n e p r o f i l e of the e m i t t e d l i g h t i s u n a f f e c t e d . 

For an o p t i c a l l y t h i c k source ( but one i n w h i c h 

T ( V - t i ) * 1 s t i l l ) : 

i _ ( i _ 7 V - ^ ) + XW-V. 
2 

i - + 
2 • • • • 

S i n c e i s g r e a t e s t f o r the c e n t r e of the 

l i n e ( i^ 7 — ]A0) t h e l i n e c o r e i s s e l f absorbed -more s t r o n g l y 

t han t h e w i n g s . As a r e s u l t the apparent h a l f w i d t h of the 

l i n e i n c r e a s e s : 

t r u e h a l f w i d t h 

apparent 
h a l f w i d t h 

t r u e l i n e shape 

s e l f absorbed p r o f i l e 
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E. V o i q t P r o f i l e s 

Where two d i f f e r e n t mechanisms a c t i n d e p e n d e n t l y t o 

broaden a l i n e the r e s u l t a n t l i n e p r o f i l e i s the c o n v o l u t i o n 

of t h e i r two shapes. I f S-^{)?-2l) i s t h e p r o f i l e due t o one 

mechanism and ^2^2^-Pa) i s the p r o f i l e due t o the o t h e r , t h e n 

one c o n s i d e r s each element of the Sj_ p r o f i l e t o be broadened 

w i t h an S2 shape. The r e s u l t a n t i n t e n s i t y a t any f r e q u e n c y "Ps 

i s t h e sum of a l l t h e c o n t r i b u t i o n s from each broadened 

element of S , . 1 
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I f S^ i s G a u s s i a n and L o r e n t z i a n (or v i c e v e r s a ) t h e i r 

c o n v o l u t i o n i s d e f i n e d as a V o i g t p r o f i l e . I t can be shown (16) 

t h a t i f and are themselves V o i g t p r o f i l e s then t h e i r 

c o n v o l u t i o n S w i l l a l s o be a V o i g t p r o f i l e . F u r t h e r m o r e , s h o u l d 

S-̂  be formed from a G a u s s i a n of h a l f w i d t h and a L o r e n t z i a n 

of h a l f w i d t h AT^j , w h i l e r e s u l t s from a G a u s s i a n of h a l f 

w i d t h &%z and a L o r e n t z i a n of h a l f w i d t h AVL2 > S i s then the 

V o i g t p r o f i l e r e s u l t i n g from a G a u s s i a n of h a l f w i d t h and a 

L o r e n t z i a n of h a l f w i d t h AVL such t h a t : = + £ $ D Z 

The G a u s s i a n and L o r e n t z i a n p r o f i l e s are themselves extreme 

cases of V o i g t p r o f i l e s . C o n s e q u e n t l y , i f two b r o a d e n i n g 

mechanisms, each of w h i c h produces a L o r e n t z i a n p r o f i l e , a c t 

i n d e p e n d e n t l y t h e n the r e s u l t a n t l i n e shape w i l l be L o r e n t z i a n . 

For example, s h o u l d van der Waals b r o a d e n i n g and S t a r k 

b r o a d e n i n g both be s i g n i f i c a n t , t h e i r j o i n t r e s u l t w i l l be a 

L o r e n t z i a n p r o f i l e w i t h a h a l f w i d t h o f : 

S u b s t i t u t i n g i n e q u a t i o n X the G a u s s i a n of V I f o r S^ and 

the L o r e n t z i a n of V f o r S^ ( w i t h h a l f w i d t h s A1?D and 

r e s p e c t i v e l y ) : 

S ( * -7i) I 2 y T n T 2 i/TZT(y'-X 

AX 

-, 2 

x fe N-/)2 + (^-)2 -1 
d. 



- 2 3 -

S e t t i n g x = 2 ) = F ( / - # ) 

dx = F d / 

stf-}/) = All f e x P I ' y2) dx 
o2 

-oo * 2 

27r/e J ( H K - X ) -x) 2
+(M)2 

s " 2 

S e t t i n g FA)£ = 2 V l n 2 = A V l n T = Y 
2 2 A y D 

OO 

S ( ^ ) = _ Y / e x p { - x 2 } 
y ( F ( ^ - ^ ) - x 

- — d x 
(F(7i-y0) - x) 2 + Y 2 

s 
-oo 

Al) 
The r a t i o of L o r e n t z i a n t o G a u s s i a n h a l f w i d t h : A = 

Ay D 

i s termed the V o i g t A-parameter. I t s p e c i f i e s the shape of 

the V o i g t p r o f i l e . A = 0 - pure G a u s s i a n 

A o0 - pure L o r e n t z i a n 

V a l u e s of the V o i g t i n t e g r a l of e q u a t i o n X I r e q u i r e d f o r 

t r a n s m i s s i o n curve* c a l c u l a t i o n s were computed u s i n g a F o r t r a n 

subprogramme d e v e l o p e d a t the U n i v e r s i t y of M i c h i g a n (17). 
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F. Zeeman S c a n n i n g and Inhomoqeneity Broadening 

The major group of v i s i b l e neon s p e c t r a l l i n e s r e s u l t s 
5 5 

from 2p 3p —*• 2p 3s t r a n s i t i o n s . W h i l e most of t h e s e l i n e s 

e x h i b i t complex (anomalous) Zeeman p a t t e r n s i n a magnetic 

f i e l d , s e v e r a l show t h e normal Zeeman p a t t e r n r e q u i r e d f o r 

Zeeman s c a n n i n g . The X6074.3 A° l i n e , w h i c h r e s u l t s from 
3 3 , ' N a P —*• P t r a n s i t i o n , i s one of t h e s e (see F i q u r e 2 ) . 0 1 1 

The s p l i t t i n g i s g i v e n (18) by: 

& = ± gHB X I I 

where B i s the a p p l i e d magnetic f i e l d ( g a u s s ) . 
-5 -1 -1 H = 4.695"10 cm gauss (the Zeeman c o n s t a n t ) . 

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

(g = 1.45 f o r NeX6074.3 A° (18)) 

Zeeman s c a n n i n g i s e f f e c t e d by p l a c i n g the source i n 

a v a r i a b l e magnetic f i e l d . A beam i s t a k e n i n the d i r e c t i o n 

of the f i e l d ( l o n g i t u d i n a l l y ) . T h i s beam c o n t a i n s o n l y the 

two cr - components of the normal Zeeman t r i p l e t , w h i c h are 

r i g h t - and l e f t - hand c i r c u l a r l y p o l a r i z e d r e s p e c t i v e l y . 

A q u a r t e r wave p l a t e c o n v e r t s t h e s e t o m u t u a l l y p e r p e n d i c u l a r 

l i n e a r l y p o l a r i z e d beams. An a n a l y z i n g N i c o l p r i s m t h e n 

s u p p r e s s e s one of t h e s e two beams. As the magnetic f i e l d 

v a r i e s the Zeeman s h i f t , and hence the f r e q u e n c y , of the 

r e m a i n i n g beam v a r i e s . 
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Paschen 
n o t a t i o n 

LS 
n o t a t i o n 
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2 2 5 T I s 2s 2p 3s P, 

77-

F i g . 2 S p e c t r o s c o p i c D e s i g n a t i o n and Zeeman E f f e c t 
f o r Ne 'X6074.3 A° 
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9 B 

i i -9 

T h i s t e c h n i q u e p r o v i d e s a s i n g l e s p e c t r a l l i n e of 

v a r i a b l e f r e q u e n c y , t h i s f r e q u e n c y b e i n g determined by 

e q u a t i o n X I I i n c o n j u n c t i o n w i t h t h e o r i e n t a t i o n of the 

N i c o l p r i s m and the sense of the magnetic f i e l d . 

I f the magnetic f i e l d i s not homogeneous over the volume 

of the source t h e n t h e source l i n e shape may be d i s t o r t e d . 

C o n t r i b u t i o n s from r e g i o n s w i t h s l i g h t l y d i f f e r e n t magnetic 

f i e l d s t r e n g t h s would have c o r r e s p o n d i n g l y d i f f e r e n t f r e q u e n c y 

s h i f t s . The r e s u l t a n t l i n e p r d f i l e would thus appear 

broadened and p o s s i b l y asymmetric. 

T h i s f i e l d i nhomogeneity b r o a d e n i n g w i l l i n c r e a s e w i t h 

magnetic f i e l d s t r e n g t h . The e f f e c t would thus be g r e a t e s t 

f o r measurements of the wings of t h e a b s o r p t i o n l i n e . 
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CHAPTER I I I 

APPARATUS 

A. Source 

A neon G e i s s l e r tube f i l l e d t o 2 T o r r p r e s s u r e s e r v e d 

as the s o u r c e . The gas was i s o t o p i c a l l y pure Ne20 w i t h 

a 0.6 M o l . % hydrogen i m p u r i t y . 

The o u t e r s u r f a c e of the c a p i l l a r y s e c t i o n was c o a t e d 

w i t h b l a c k enamel p a i n t except f o r a s m a l l a p e r t u r e of 1 mm 

d i a m e t e r . The c a p i l l a r y i t s e l f had a d i a m e t e r of 1 mm so 

t h a t the source volume was a p p r o x i m a t e l y one c u b i c m i l l i m e t r e . 

The tube was o p e r a t e d from a 1000 v o l t r e g u l a t e d s u p p l y 

a t a c u r r e n t of 4 ma. The c u r r e n t was c o n t r o l l e d by a s e r i e s 

pentode and b a l l a s t r e s i s t o r . The d i s c h a r g e was i n i t i a t e d 

w i t h a T e s l a c o i l . 

B. S c a n n i n g E l e c t r o m a g n e t 

The G e i s s l e r tube source was c e n t r a l l y p o s i t i o n e d between 

the p o l e s of an e l e c t r o m a g n e t . The p o l e p i e c e s were h o l l o w 

c e n t r e d w i t h the c e n t r a l h o l e t a p e r i n g t o 3 mm d i a m e t e r 

n e a r e s t the s o u r c e . 

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

c a l i b r a t i o n f o r the f i e l d a t the source p o s i t i o n was o b t a i n e d 

u s i n g : a B e l l Model .240 gaussmeter (a H a l l probe i n s t r u m e n t ) . 

Measurements of f i e l d i nhomogeneity i n d i c a t e no f i e l d 
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g r a d i e n t s g r e a t e r t h a n 3% per cm i n t h e c e n t r a l r e g i o n . Over 

1 mm (the c h a r a c t e r i s t i c l e n g t h of the source) t h e r e i s l e s s 

than 0.3% v a r i a t i o n . The maximum Zeeman s h i f t r e q u i r e d was 

0,4 cm"-'- , i n which case t h i s i nhomogeneity r e s u l t s i n s h i f t 

d i f f e r e n c e s of not more than 1.2 mK. S i n c e t h i s i s l e s s 

t h a n 3% of the source h a l f w i d t h , and s i n c e the f i e l d s t r e n g t h 

was u s u a l l y much lower than t h i s , f i e l d i nhomogeneity br o a d e n i n g 

was not c o n s i d e r e d s i g n i f i c a n t i n t h i s e x periment. 

C. A b s o r p t i o n Tubes 

The a b s o r b e r was a h o l l o w cathode glow d i s c h a r g e i n 

i s o t o p i c a l l y pure Ne20 ( a l s o w i t h t h e 0.6 M o l . % hydrogen 

i m p u r i t y ) . The source beam was passed t h r o u g h the h o l l o w 

c athode. 

A b s o r p t i o n tubes of t h r e e d i f f e r e n t f i l l i n g p r e s s u r e s , 

2 T o r r , 50 T o r r , and 100 T o r r , were employed. The d i s c h a r g e 

i n a l l t h r e e tubes was m a i n t a i n e d by a 1400 v o l t r e g u l a t e d 

s u p p l y w i t h t h e c u r r e n t c o n t r o l l e d by a s e r i e s pentode and 

b a l l a s t r e s i s t o r . The b a l l a s t was made as l a r g e as p o s s i b l e 

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

u s u a l l y had t o be i n i t i a t e d w i t h a T e s l a c o i l . 

D i f f e r e n t a b s o r p t i o n s t r e n g t h s were o b t a i n e d by v a r y i n g 

the c u r r e n t between 0.3 ma and 16 ma. 



26 cm 

F i g . 3 A b s o r p t i o n Tube C o n s t r u c t i o n 
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D. O p t i c a l System 

The beam emergent from the magnet was rendered p a r a l l e l 

by l e n s (see F i g . 4 ) . A f t e r a m p l i t u d e m o d u l a t i o n a t 

990 Hz by the chopping wheel i t passed i n t o the a b s o r b e r 

t h r o u g h the h o l l o w cathode. The s m a l l cathode bore (3 t o 

5 mm I D ) , a l o n g w i t h a 3 mm d i a m e t e r stop p l a c e d on the 

e x i t end of the a b s o r p t i o n t u b e , ensured t h a t o n l y a s m a l l 

r e l a t i v e l y homogeneous r e g i o n i n the c e n t r e of the a b s o r p t i o n 

tube a t t e n u a t e d the beam. 

Next f o l l o w e d the q u a r t e r wave p l a t e and the a n a l y z i n g 

N i c o l p r i s m . These were p l a c e d a f t e r the a b s o r b e r so t h a t 

t h e y a l s o s e r v e d t o suppress p a r t of the ' n o i s e ' e m i s s i o n 

from t h e a b s o r b e r . 

The second l e n s L.2 f o c u s s e d the beam onto the e n t r a n c e 

s l i t of a 500 mm Bausch and Lomb g r a t i n g monochromator of 

low d i s p e r s i o n . The e n t r a n c e s l i t and s t o p s were opened 

j u s t wide enough t o a c c e p t a l l the source beam. The e x i t 

s l i t was opened s u f f i c i e n t l y wide t o e a s i l y a c c e p t the 

e n t i r e s p e c t r a l l i n e but y e t kept narrow enough t o s t i l l 

e x c l u d e any nearby s p e c t r a l l i n e s . The l i g h t emerging from 

the monochromator was c o n v e r t e d t o e l e c t r i c a l c u r r e n t by a 

P h i l l i p s 150 CVP P h o t o m u l t i p l i e r o p e r a t e d a t a p p r o x i m a t e l y 

1500 v o l t s and c o o l e d by d r y i c e . 
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' F i g . 4 Experimental Arrangement 
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E. E l e c t r o n i c D e t e c t i o n 

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

f l u c t u a t i o n s both i n the r a d i a t i o n e m i t t e d and the a b s o r p t i o n 

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

n o i s e r a t i o i t was n e c e s s a r y t o employ phase s e n s i t i v e 

d e t e c t i o n and s i g n a l i n t e g r a t i o n . 

The p h o t o m u l t i p l i e r s i g n a l was sent t o a P r i n c e t o n 

A p p l i e d R esearch L o c k - I n A m p l i f i e r (Model 120). E s s e n t i a l l y 

t h i s d e v i c e i s a narrow band a m p l i f i e r tuned t o the chopper 

f r e q u e n c y of 990 Hz f o l l o w e d by a phase s e n s i t i v e d e t e c t o r . 

A s i g n a l , produced by the chopping wheel w i t h a l i g h t and 

a p h o t o - s e n s i t i v e t r a n s i t o r s u p p l i e d t h e phase r e f e r e n c e . 

The d.c. s i g n a l produced was f e d t o an RC i n t e g r a t i n g 

network ( i n c o r p o r a t e d i n the Lock-Kin A m p l i f i e r ) . Time 

c o n s t a n t s from 0.3 sec t o 3 sec were employed depending -

upon the n o i s e e n c o u n t e r e d . The o u t p u t was m o n i t o r e d on 

a H e a t h k i t C h a r t Recorder (Model EUW - 20A). 
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CHAPTER IV 

EXPERIMENTAL PROCEDURE 

The o p t i c a l _ s y s t e m was i n i t i a l l y a l i g n e d on the beam 

of a c o n t i n u o u s He-Ne l a s e r shone i n t o the e x i t s l i t of 

the monochromator. F i n a l a l i g n m e n t was a c c o m p l i s h e d by 

minor adj u s t m e n t s t o the source p o s i t i o n , the a b s o r p t i o n 

tube p o s i t i o n , and t h e p o s i t i o n of the l e n s L2 such t h a t a 

maximum s i g n a l was o b t a i n e d . 

The d i r e c t i o n of the f r e q u e n c y s h i f t ( the s i g n i n 

e q u a t i o n X I I ) was determined by s u b s t i t u t i n g a source of 

n a t u r a l neon. The presence of the Ne22 i s o t o p e caused an 

asymmetry i n the t r a n s m i s s i o n curve from which the d i r e c t i o n 

of the s h i f t c o u l d be deduced. 

Each t r a n s m i s s i o n curve was o b t a i n e d by v a r y i n g the 

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

For each c u r r e n t v a l u e , and hence each source f r e q u e n c y , the 

t r a n s m i t t e d l i n e i n t e n s i t y was measured both w i t h the 

a b s o r b i n g d i s c h a r g e s w i t c h e d on and o f f . The r a t i o n of t h e s e 

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

source f r e q u e n c y was o b t a i n e d by c o n v e r t i n g the e l e c t r o m a g n e t 

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

u s i n g the magnet c a l i b r a t i o n and th e n s u b s t i t u t i n g i n t o 

e q u a t i o n X I I . 

W i t h each a b s o r p t i o n tube the t r a n s m i s s i o n c u r v e s were 

o b t a i n e d f o r a range of a b s o r p t i o n s t r e n g t h s by v a r y i n g 

the a b s o r p t i o n tube c u r r e n t from experiment t o ex p e r i m e n t . 
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CHAPTER V 

METHOD OF ANALYSIS 

A. C h o i c e of Model 

The shape of the a b s o r p t i o n l i n e cannot be d i r e c t l y 

o b t a i n e d from a t r a n s m i s s i o n c u r v e . I t i s n e c e s s a r y t o 

con s i d e r - models i n wh i c h the e x a c t p r o f i l e s of the source 

and the a b s o r b e r are s p e c i f i e d and from t h e s e t o compute 

t h e o r e t i c a l t r a n s m i s s i o n c u r v e s . The model wh i c h produces 

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

c o n s i d e r e d t o d e s c r i b e the a b s o r p t i o n l i n e . 

U n f o r t u n a t e l y t h i s p rocedure may not y i e l d a unique 

r e s u l t . However, i f i t be assumed t h a t the shape of the 

a b s o r p t i o n l i n e does not change as the a b s o r p t i o n s t r e n g t h 

k Q i s varied., (by a l t e r i n g the a b s o r b e r c u r r e n t ) , t h e n the 

v a r i a t i o n of the t r a n s m i s s i o n p r o f i l e s w i t h a b s o r p t i o n 

s t r e n g t h o f f e r s an a d d i t i o n a l c o n s t r a i n t on the model. T h i s 

e n a b l e s a c h o i c e t o be made from an i n i t i a l s e t of models. 

The s p e c t r a l l i n e s of source and abs o r b e r were b o t h 

c o n s i d e r e d t o be d e s c r i b e d by V o i g t p r o f i l e s . T h e i r G a u s s i a n 

h a l f w i d t h s were assumed t o r e s u l t s o l e l y from D o p p l e r 

b r o a d e n i n g . S i n c e t h e G e i s s l e r tube c a p i l l a r y was s l i g h t l y 

warmer than the a b s o r p t i o n tube and s i n c e b oth were warmer 

than room t e m p e r a t u r e , i t c o u l d be assumed: 

(b) T > 300 ° K 
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where T and T are t h e source and a b s o r b e r s a 
tem p e r a t u r e s r e s p e c t i v e l y . 

The L o r e n t z i a n h a l f w i d t h s were assumed t o r e s u l t e n t i r e l y 

from p r e s s u r e broadening.. C o n s e q u e n t l y the l i n e s of the 2 T o r r 

p r e s s u r e a b s o r b e r c o u l d be assumed t o have the same L o r e n t z i a n 

h a l f w i d t h ( A3^s ) as t h e s o u r c e . 

The source was c o n s i d e r e d f u r t h e r broadened by s e l f 

a b s o r p t i a n . For an i n t r i n s i c V o i g t shape S ( / -7{ ) the s e l f 

absorbed shape was t a k e n as : 

I i O 7 - ^ ) o< 1 - ex.p{ - K-S(^-Ti)} 

T h i s r e s u l t s from e q u a t i o n IX under t h e assumption t h a t 

jitf-tl) and k(P-%) have the same f r e q u e n c y dependence. 

The h i g h e r p r e s s u r e a b s o r b e r s were assumed t o have the 

same te m p e r a t u r e as the 2 T o r r p r e s s u r e a b s o r b e r s i n c e t h e i r 

t ubes were not n o t i c e a b l y warmer d u r i n g o p e r a t i o n t h a n the 

2 T o r r t u b e . The t r a n s m i s s i o n c u r v e s f o r t h e s e a b s o r b e r s 

p r o v i d e a f u r t h e r t e s t f o r t h e models. 

B. S p e c i f i c P r o c e d u r e 

(1) An assignment of T s, T g, A ^ s , and K was made. 

(2) The a b s o r p t i o n s t r e n g t h k(O)./ was v a r i e d u n t i l 

a l i n e c e n t r e t r a n s m i s s i o n t 0 of 0.33 was o b t a i n e d . 

(3) The f u l l t r a n s m i s s i o n curve was c a l c u l a t e d , p l o t t e d , 

and t h e n compared w i t h the e x p e r i m e n t a l r e s u l t s f o r the 

2 T o r r a b s o r b e r i n which t 0 e q u a l l e d 0.33. 

(4) The parameters (T , T a, A ^ s , K) were v a r i e d u n t i l 
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an a c c e p t a b l e f i t was o b t a i n e d . 

(5) T r a n s m i s s i o n c u r v e s f o r t = 0.16 and t Q = 0.53 

were th e n c a l c u l a t e d f o r t h e s e parameters and compared t o 

the c o r r e s p o n d i n g e x p e r i m e n t a l r e s u l t s (see F i g u r e 8 ) . 

(6) A graph of t r a n s m i s s i o n h a l f w i d t h ( A t ) v e r s u s t 

was computed f o r a range of v a l u e s of the abs o r b e r L o r e n t z i a n 

h a l f w i d t h . These were th e n compared w i t h the e x p e r i m e n t a l 

r e s u l t s f o r a l l t h r e e p r e s s u r e s (see F i g u r e 1 0 ) . 

(7) F i n a l l y t r a n s m i s s i o n c u r v e s f o r the i n d i c a t e d a b s o r b e r 

L o r e n t z i a n h a l f w i d t h s of the 50 T o r r and 100 T o r r p r e s s u r e 

a b s o r b e r s were computed f o r t = 0.33 and compared t o the 

c o r r e s p o n d i n g e x p e r i m e n t a l r e s u l t s (see F i g u r e 9 ) . 

By r e p e a t e d t r i a l and e r r o r a s e t of parameters (T_, T , 

AJ> , K) was o b t a i n e d which s a t i s f i e d a l l t h e s e checks and 
is ' 

t e s t s . In a d d i t i o n a L o r e n t z i a n h a l f w i d t h was t h e r e b y 

a s s i g n e d f o r each a b s o r b e r p r e s s u r e . 
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CHAPTER VI 

RESULTS 

A. D e t e c t i o n of Broadening 

Broadening can be d e t e c t e d by comparing the t r a n s m i s s i o n 

c u r v e s f o r a b s o r p t i o n tubes of d i f f e r e n t f i l l i n g p r e s s u r e s . 

In cases where the l i n e c e n t r e t r a n s m i s s i o n s t are e q u a l such 
o n 

comparisons c l e a r l y demonstrate the p r e s s u r e b r o a d e n i n g of the 

a b s o r p t i o n l i n e . F i g u r e s 5, 6, and 7 on the next t h r e e pages 

show e x p e r i m e n t a l r e s u l t s f o r t 0 = 0.16, 0.33, and 0.53 

r e s p e c t i v e l y . I n terms of t r a n s m i s s i o n curve h a l f w i d t h s ( A t ) 

t h e s e r e s u l t s are summarized below: 

t o At(mK) 

2 T o r r 50 T o r r 100 T o r r 

0.16 106 123 144 

0.33 91 109 132 

0.53 87 98 121 

Width v a r i a t i o n s l e s s than t h o s e observed here c o u l d 

s t i l l be d e t e c t e d . E x p e r i e n c e i n d i c a t e d t h a t c u r v e s w i t h a 

f i f t h of such w i d t h d i f f e r e n c e s c o u l d s t i l l be unambiguously 

d i s t i n g u i s h e d . I n s e c t i o n C f o l l o w i n g i t w i l l be seen t h a t 

from 2 T o r r t o 100 T o r r t h e r e was an i n c r e a s e i n t h e L o r e n t z i a n 

h a l f w i d t h of the a b s o r b e r s of a p p r o x i m a t e l y 45 mK. Hence 

stu d y of the t r a n s m i s s i o n c u r v e s would enable an i n c r e a s e i n 

the a b s o r b e r h a l f w i d t h of as l i t t l e as 5 mK t o be d e t e c t e d . 
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B. D e t e c t i o n of S h i f t 

There i s a s l i g h t but u b i q u i t o u s asymmetry of the 

t r a n s m i s s i o n c u r v e s w i t h r e s p e c t t o the d e s i g n a t e d z e r o 

f i e l d - z e r o s h i f t p o s i t i o n . However the c u r v e s are a l l 

more or l e s s symmetric about an o r d i n a t e of + 4 mK. There 

was no d i s c e r n a b l e v a r i a t i o n of t h i s o f f s e t w i t h p r e s s u r e . As 

a r e s u l t i t must be c o n c l u d e d t h a t no s i g n i f i c a n t p r e s s u r e 

s h i f t has been d e t e c t e d . 

Any r e a l s h i f t due t o p r e s s u r e must have been a t most l e s s 

t h a n 4 mK f o r the 100 T o r r absorber.. Such m i n i m a l p r e s s u r e s h i f t , 

i n d i sagreement w i t h the impact t h e o r y f o r a van der Waals 

i n t e r a c t i o n , i s c o n s i s t e n t w i t h the r e s u l t s of S m i t h ( 1 4 ) . 

The l i n e c e n t r e t r a n s m i s s i o n , t , was t a k e n on the a x i s 
o 

of symmetry/in each c a s e . 

C. L i n e Shape D e t e r m i n a t i o n 

As a r e s u l t of the a n a l y s i s by m o d e l l i n g (as d e s c r i b e d 

i n C h apter V s e c t i o n B ) , the parameters of the model of 

b e s t f i t a r e : Source A b s o r b e r ( s ) 

= 50 mK 

(=f> T = 360 °K) 
s ' 

= 6 mK 
( s o u r c e V o i g t A = 0.12) 

A ^ „ = 48 mK 

(=• T = 325 °K). 

K = 1.5 

The L o r e n t z i a n h a l f w i d t h s of the a b s o r b e r s , as c o n c l u d e d 
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from t h e t v e r s u s A t curves (see F i g u r e 1 0 ) , are t a b l e d 

below: 

P r e s s u r e ( T o r r ) L\VL* (mK) V o i g t A 

2 7 0.14 

50 23 0.48 

100 48 1.00 

The comparison of t h e o r e t i c a l and e x p e r i m e n t a l t r a n s m i s s i o n 

c u r v e s f o r p r e s s u r e s of 2 T o r r and 100 T o r r are d i s p l a y e d i n 

F i g u r e s 8 and 9 r e s p e c t i v e l y . F i g u r e 10 shows the t h e o r e t i c a l 

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

model of b e s t f i t , w i t h the e x p e r i m e n t a l r e s u l t s a l s o d i s p l a y e d . 

I t was p r i m a r i l y from t h i s curve t h a t the assignment of 

L o r e n t z i a n h a l f w i d t h s f o r the h i g h e r p r e s s u r e a b s o r b e r s 

was made. 

D. Rate of P r e s s u r e Broadening -•Comparison w i t h Theory 

The r e s u l t s t a b u l a t e d above may most e a s i l y be compared 

with, t h e o r y by means of a ' r a t e of p r e s s u r e b r o a d e n i n g ' 

graph - see F i g u r e 11 - i n which the a b s o r b e r L o r e n t z i a n 

h a l f w i d t h i s p l o t t e d a g a i n s t p r e s s u r e (and d e n s i t y ) . 

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

the l i n e a r i t y of t h i s c u r v e . However, assuming a l i n e a r 

r e l a t i o n s h i p p a s s i n g t h r o u g h the o r i g i n (as p r e d i c t e d by the 

impact t h e o r y ) then the b e s t s t r a i g h t l i n e has a s l o p e : 
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= 1.6-10 mK cm 3 

n 

B o t h e s t i m a t e s c a l c u l a t e d i n the t h e o r y (Chapter I I , 

s e c t i o n C ) are d i s p l a y e d as w e l l . I t can be seen t h a t the 

e x p e r i m e n t a l r e s u l t s show a r a t e of p r e s s u r e b r o a d e n i n g 

n e a r l y 50 % g r e a t e r t h a n t h a t p r e d i c t e d by t h e o r y . However 

t h e r e i s c l o s e agreement w i t h the s e m i - e m p i r i c a l r a t e 

d e r i v e d * from the r e s u l t s of S m i t h ( 1 4 ) . 

E. V a l i d i t y of R e s u l t s 

( 1 ) R e l i a b i l i t y : 

S i n c e the r e s u l t s are d e r i v e d t h r o u g h a complex p r o c e s s 

of p r o f i l e a n a l y s i s and parameter v a r i a t i o n , e r r o r e s t i m a t e s 

are d i f f i c u l t and somewhat u n c e r t a i n . The e r r o r e s t i m a t e s 

shown are p r i m a r i l y based on s e l f - c o n s i s t e n c y . 

I n matching e x p e r i m e n t a l and t h e o r e t i c a l t r a n s m i s s i o n 

c u r v e s the f i t t i n g e r r o r s are q u i t e s m a l l s i n c e t h e c u r v e s 

are so s i m i l a r . V a r i a t i o n of the a b s o r b e r V o i g t A parameter 

by more t h a n - 0.05 d i s t o r t e d t h e shape of the t h e o r e t i c a l 

c urve s u f f i c i e n t l y t o cause r e j e c t i o n of the f i t . S i m i l a r l y , 

v a r i a t i o n of the D o p p l e r h a l f w i d t h a s s i g n e d t o the a b s o r b e r 

by more t h a n t 2 mK a l t e r e d the w i d t h of the t h e o r e t i c a l 

c urve enough t o make the l a c k of f i t a p p a r e n t . Moreover 

v a r i a t i o n s o f ' t h e s e two parameters c o u l d not be made a l t o g e t h e r 

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

would e v e n t u a l l y n e c e s s i t a t e c o n c u r r e n t i n c r e a s e s i n the 

a s s i g n e d V o i g t A parameter, e t c . As a r e s u l t the u n c e r t a i n t y 
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P r e s s u r e  
D e n s i t y 

P i g . 11 Rate of P r e s s u r e B r o a d e n i n g 



-48-

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

p r o b a b l y no more tha n i 4 mK. 

From the t r a n s m i s s i o n v e r s u s h a l f w i d t h r e l a t i o n (see 

F i g u r e 10) upon which the f i n a l e s t i m a t e s were based t h e r e 

i s a range of V o i g t A parameters (and hence L o r e n t z i a n h a l f 

w i d t h s ) spanned by the e x p e r i m e n t a l p o i n t s . 

P r e s s u r e ( T o r r ) 
A ^ 

(mK> 

(minimum) 

(mK) 

(maximum) 

(mK) 

2 7 2.5 10.5 

50 23 20.5 26.0 
100 48 46.0 49.5 

These v a r i a t i o n s , i n c o n j u n c t i o n w i t h the f i t t i n g e r r o r s 

d e s c r i b e d above, were used as the b a s i s f o r a s s i g n i n g the 

c o n f i d e n c e l i m i t s d i s p l a y e d i n F i g u r e 11. 

(2) S y s t e m a t i c E r r o r s : 

S i n c e a l l the t r a n s m i s s i o n c u r v e s showed the same s l i g h t 

s h i f t of a p p r o x i m a t e l y 4 mK, which was moreover independent 

of p r e s s u r e , an ap p a r a t u s e r r o r i s s u s p e c t e d . T h i s + 4 mK 

o f f s e t i s thought t o have o r i g i n a t e d i n a f a i l u r e of the 

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

T h i s c o n d i t i o n r e s u l t s from i m p e r f e c t r e g u l a t i o n of the 

e l e c t r o m a g n e t c u r r e n t i n the f a c e of v a r i a t i o n s of the c o i l 

r e s i s t a n c e due t o h e a t i n g . A f t e r the c u r r e n t was r e v e r s e d 

(the t r a n s i t i o n from n e g a t i v e t o p o s i t i v e s h i f t ) i t was t o 
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have been m o n o t o n i c a l l y i n c r e a s e d i n .order t o f o l l o w the 

c a l i b r a t i o n c u r v e . However a f t e r each c u r r e n t i n c r e m e n t 

(0.2 amp) the c o i l s warmed f u r t h e r and t h e i r r e s i s t a n c e 

i n c r e a s e d . There was a tendency f o r the c u r r e n t t o then 

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

i n the e l e c t r o m a g n e t c u r r e n t power s u p p l y . 

T h i s would have t a k e n the magnet o f f the assumed c a l i b r a t i o n 

c u rve and s l i g h t l y i n t o the ' i n t e r i o r ' of the h y s t e r i s i s l o o p . 

The a c t u a l magnetic f i e l d would be l e s s than t h a t assumed. T h i s 

would r e s u l t i n an e x p a n s i o n of the f r e q u e n c y s c a l e f o r t h i s 

h a l f of the t r a n s m i s s i o n c u r v e i n t h a t the a c t u a l f i e l d (and 

Zeeman s h i f t ) are l e s s t h a n t h o s e a s s i g n e d . As a r e s u l t the 

c e n t r e of g r a v i t y of the t r a n s m i s s i o n curve would be d i s p l a c e d 

t o t h e h i g h f r e q u e n c y s i d e (see F i g u r e 12). 

I n a d d i t i o n t o p r o d u c i n g the apparent s h i f t , t h i s e f f e c t 

must a l s o have caused a p p a r e n t l y w i d e r t r a n s m i s s i o n c u r v e s . 

No a t t e m p t , however, was made t o c o r r e c t f o r t h i s p o s s i b l e 

e r r o r and t h e o r e t i c a l p r o f i l e s were f i t t e d t o the c e n t r e 

of symmetry. 

The r a t e of b r o a d e n i n g graph ( F i g u r e 11) r e v e a l s what i s 

p o s s i b l y the e f f e c t of a second source of s y s t e m a t i c e r r o r . 

The L o r e n t z i a n w i d t h a s s i g n e d t o the 2 T o r r a b s o r b e r i s 

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

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

d e n s i t y ) . . In the l i m i t of z e r o p r e s s u r e the L o r e n t z i a n h a l f 

w i d t h s h o u l d approach th e n a t u r a l l i n e w i d t h (here o n l y — 0.6 mK). 
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S i n c e t h i s i s n e g l i g i b l e t h e n f o r the 2 T o r r a b s o r b e r the 

expected L o r e n t z i a n w i d t h s h o u l d be the van der Waals w i d t h 

of ^ 1 mK o n l y . - o u t s i d e the c o n f i d e n c e l i m i t s a s s i g n e d ! 

The o r i g i n o f . t h i s a p p a r e n t l y e x c e s s i v e L o r e n t z i a n w i d t h 

i s i n a l l p r o b a b i l i t y unaccounted b r o a d e n i n g of the s o u r c e . 

S e v e r a l minor b r o a d e n i n g e f f e c t s which.were n e g l e c t e d a r e : 

1. magnetic f i e l d i n h o m o g e n e i t i e s (see Chapter I I ).' 

2. a l t e r a t i o n of the source l i n e shape as t h e s c a n n i n g 

magnetic , f i e l d i s v a r i e d . 

3. v a r i a t i o n s i n the s e l f a b s o r p t i o n r e s u l t i n g from 

t h e i n h o m o g e n e o u s ' c y l i n d e r i c a l n a t u r e of t h e s o u r c e , 

( i n c o n t r a s t t o the homogeneous, p l a n e - p a r a l l e l 

source assumed i n the t h e o r y ) 

I t has .been p o i n t e d out by van de H u l s t and R e e s i n c k (16) 

t h a t "the c o m b i n a t i o n of many independent b r o a d e n i n g e f f e c t s 

tends t o y i e l d a V o i g t p r o f i l e " . The source l i n e s h o u l d t h u s 

have had ' a V o i g t type p r o f i l e , as was assumed. However the 

L o r e n t z i a n component s h o u l d p r o p e r l y have been g r e a t e r t h a n the 

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

I n t h e a n a l y s i s the source and' t h e 2 T o r r a b s o r b e r were 

assumed t o have had e q u a l L o r e n t z i a n h a l f w i d t h s s i n c e t h e i r 

p r e s s u r e s were e q u a l . Thus an exaggerated. L o r e n t z i a n h a l f 

w i d t h must have been a s c r i b e d t o t h e 2 T o r r a b s o r b e r i n 

o r d e r t o f i t the t r a n s m i s s i o n c u r v e s . 

Such an e r r o r i n t h e source l i n e shape w i l l a l s o c r e a t e 

e r r o r s in':the r e s u l t s f o r the h i g h e r p r e s s u r e a b s o r b e r s . However 
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f o r t h e s e i t was found t h a t the L o r e n t z i a n w i d t h s of the 

d e r i v e d l i n e p r o f i l e s were l e s s a f f e c t e d by changes i n the 

assumed source shape t h a n were th o s e of the 2 T o r r a b s o r b e r . 

Hence, as might be a n t i c i p a t e d from the t h e o r y (see. e q u a t i o n IVA), 

the r e s u l t s f o r the h i g h e r p r e s s u r e a b s o r b e r s would have been 

l e s s a f f e c t e d by such an e r r o r i n t h e source l i n e shape. 
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CHAPTER V I I 

CONCLUDING DISCUSSION 

The Zeeman s c a n n i n g t e c h n i q u e has shown i t s e l f w e l l 

s u i t e d t o the d e t e r m i n a t i o n of narrow s p e c t r a l l i n e p r o f i l e s . 

The a b i l i t y t o d e t e c t d i f f e r e n c e s as low as 5 mK (or 2 mA° ) i n 

a b s o r p t i o n l i n e w i d t h may be c o n s i d e r e d t o r e p r e s e n t a 

r e s o l u t i o n of — 3*10^, w h i c h i s d i f f i c u l t t o o b t a i n 

o t h e r w i s e except w i t h s o p h i s t i c a t e d s p e c t r o g r a p h i c t e c h n i q u e s . 

By comparing a b s o r b e r s a t d i f f e r e n t p r e s s u r e s the e x t e n t 

of p r e s s u r e b r o a d e n i n g f o r Ne"\6074.3 A° has been determined 

f o r glow d i s c h a r g e c o n d i t i o n s . I t i s apparent from t h e r e s u l t s 

t h a t even a t p r e s s u r e s as low as a few T o r r t h i s l i n e w i l l 

e x h i b i t a non-Gaussian p r o f i l e . A t 10 T o r r and 325 °K the 

Ne 'X6074.3 A 0 l i n e shows a V o i g t A parameter of A = 0.1 ( i n t e r ­

p o l a t e d from F i g u r e 1 1 ) . 

The p r e s s u r e b r o a d e n i n g c o u l d be c a l c u l a t e d q u i t e w e l l from 

t h e o r y . T h i s i s p r o b a b l y t r u e a l s o f o r o t h e r l i n e s of the 

neon t r i p l e t system w h i c h are u n a f f e c t e d by resonance e f f e c t s . 

Those neon l i n e s a f f e c t e d by resonance broa d e n i n g l i k e l y e x h i b i t 

V o i g t A v a l u e s even g r e a t e r than Ne'X6074.3 A 0 under s i m i l a r 

c o n d i t i o n s . 

Thus, th e c a s u a l assumption of G a u s s i a n p r o f i l e s f o r neon 

glow d i s c h a r g e l i n e s i s i n e r r o r . Where such an assumption • 

i s t o be made the^consequences of the p r e s s u r e b r o a d e n i n g 

s h o u l d f i r s t be checked. 



-54-

Close agreement f o r the r a t e of pressure broadening has 

been obtained w i t h values c a l c u l a t e d u s i n g the impact theory 

w i t h a van der Waals i n t e r a c t i o n p o s t u l a t e d . The experimental 

value of = 1.6*10 mK cm agrees w i t h the value 

d e r i v e d from the r e s u l t s of Smith (14) to more or l e s s w i t h i n 

the assigned confidence l i m i t s . The more t h e o r e t i c a l value 

i s l i k e w i s e e n c o u r a g i n g l y c l o s e - to w i t h i n 50 %. Such good 

agreement would appear to j u s t i f y the use of Unsold's 

approximation (equation V I I I ) . 

The l a c k of observed s h i f t , c o n s i s t e n t w i t h the r e s u l t s 

of Smith (14), confirms the f a i l u r e of the van der Waals 

i n t e r a c t i o n to p r o p e r l y d e s c r i b e the em i t t e r - p e r t u r b e r 

i n t e r a c t i o n i n t h i s i n s t a n c e . The i n c l u s i o n of a r e p u l s i v e 

term, as advocated by Hindmarsh, P e t f o r d , and Smith (15), i s 

e v i d e n t l y r e q u i r e d . Such a c o n s i d e r a t i o n f a l l s beyond the 

scope of the present work and would l i k e l y r e q u i r e a more 

accurate study of the s h i f t . 

T h i s i s one reason why an i n v e s t i g a t i o n of. one or two 

argon l i n e s by t h i s Zeeman scanning technique would be most 

i n t e r e s t i n g . Of course argon has a l s o been used i n glow 

d i s c h a r g e s f o r s i m i l a r experiments (19, 20) to those 

p r e v i o u s l y noted (1, 2) so t h e r e f o r e i t i s d e s i r e a b l e to 

check argon l i n e shapes as w e l l . In a d d i t i o n the r e s u l t s of 

Smith (14) i n d i c a t e t h a t argon behaves c l o s e l y to the 

p r e d i c t i o n s of the impact theory w i t h a van der Waals 

i n t e r a c t i o n . In p a r t i c u l a r the s h i f t to width r a t i o i s c l o s e 
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t o t h e 1:2.76 v a l u e p r e d i c t e d . Thus f o r h i g h e r p r e s s u r e s 

such as '50 or 100 T o r r the s h i f t s h o u l d be e a s i l y d e t e c t e d . 

An i n v e s t i g a t i o n i n argon, t h e n , o f f e r s an e x c e l l e n t o p p o r t u n i t y 

not o n l y t o check t h e s e l i n e shapes but t o a l s o f u r t h e r t e s t 

the Zeeman s c a n n i n g t e c h n i q u e and c o n f i r m Smith's f i n d i n g s 

i n t h e case of argon s e l f - p r e s s u r e b r o a d e n i n g and s h i f t . 

For f u t u r e work s e v e r a l improvements i n the Zeeman s c a n n i n g 

a p p a r a t u s can be s u g g e s t e d . The w i d t h of the sour c e l i n e 

i s analogous t o the a p p a r a t u s w i d t h of a s p e c t r o g r a p h or 

i n t e r f e r o m e t r i c system i n t h a t the source p r o f i l e i s f o l d e d 

w i t h t h a t of the a b s o r b e r t o produce the e x p e r i m e n t a l r e s u l t . 

I d e a l l y the source l i n e w i d t h s h o u l d be s i g n i f i c a n t l y l e s s than 

t h a t of the a b s o r b e r . Then, as suggested by the t h e o r y (see 

e q u a t i o n IVA)., the shape of the t r a n s m i s s i o n curve depends 

almost s o l e l y on t h e a b s o r b e r ' s l i n e shape. Such a s i t u a t i o n 

was not a c h i e v e d i n t h i s experiment but where i t was approached 

w i t h the 100 T o r r a b s o r b e r the r e s u l t s are more r e l i a b l e . 

At lower p r e s s u r e s the l i n e w i d t h s of both source and a b s o r b e r 

are p r i m a r i l y d e t e r m i n e d by D o p p l e r b r o a d e n i n g and are thus 

comparable. U n l e s s d r a s t i c c o o l i n g or some o t h e r means i s 

employed t o reduce t h e D o p p l e r w i d t h of the source the i d e a l 

narrow - source s i t u a t i o n i s u n r e a l i z a b l e . 

A l t e r n a t e l y , however, a p r e c i s e d e t e r m i n a t i o n of the 

source l i n e shape w i l l p e r m i t an a c c u r a t e measurement of the 

a b s o r b e r l i n e shape. T h i s c o u l d be a c c o m p l i s h e d by r e d u c i n g 

the source p r e s s u r e and o p t i c a l t h i c k n e s s so t h a t p r e s s u r e 
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b r o a d e n i n g and s e l f a b s o r p t i o n are e f f e c t i v e l y e l i m i n a t e d . 

Then D o p p l e r .broadening a l o n e would determine the source 

l i n e shape. These measures would i m p l y a l s o a source of 

low i n t e n s i t y , r e d u c i n g the s i g n a l - t o - n o i s e r a t i o and 

v e r y l i k e l y n e c e s s i t a t i n g a more e f f i c i e n t d e t e c t i o n system 

t h a n t h a t employed i n t h i s e x p e r i m e n t . In a d d i t i o n magnetic 

f i e l d inhomogeneity would have t o be f u r t h e r reduced to-

guarantee the absence of any b r o a d e n i n g r e s u l t i n g t h e r e f r o m . 

W i t h such improvements the number of " f r e e " parameters 

t o be s a t i s f i e d i n t h e a n a l y s i s would be reduced and the 

r e s u l t s not o n l y more e a s i l y o b t a i n e d but a l s o more r e l i a b l e . 

•In v i e w of the e n c o u r a g i n g r e s u l t s o b t a i n e d i n t h i s 

experiment i t i s hoped t h a t f u t u r e work, w i t h the ap p a r a t u s 

f u r t h e r r e f i n e d , w i l l be c a r r i e d o u t . 
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APPENDIX I 

F l o w c h a r t : Computer C a l c u l a t i o n of T r a n s m i s s i o n Curves * ( a ) 

START 

I 

Read , AVM , &T?L% , K, A, t ( 

C a l c u l a t e and s t o r e the 
a b s o r b e r p r o f i l e (VGA(J)) f o r 
an o r d i n a t e s p a c i n g of 2.5 mK 

C a l c u l a t e and s t o r e the 
source p r o f i l e f o r an 
o r d i n a t e s p a c i n g of 2.5 mK 

I n t e g r a t e the source 
t o compute S{JZ) 

k Q i = 10.0 

Compute 0{2i) and t 

V a r y k Q^ by 
i t e r a t i v e 
h a l v i n g  

NO 

* ( b ) 

* ( c ) 

* ( c ) 

*(a) 

*(d) 



-59-

r 
Compute and s t o r e the 
ab s o r b e r f u n c t i o n : 

ex.p{ -kJ(VGA{j))} 

Compute the t r a n s m i s s i o n 
f o r a l l source f r e q u e n c i e s 

r 

W r i t e and p l o t the 
t r a n s m i s s i o n c u r v e . 

^STOP 

*Notes: (a) The c a l c u l a t i o n s were performed on an IBM 7044 
computer * 

(b) A i s the V o i g t A parameter f o r the a b s o r b e r ; 
o t h e r symbols are as d e f i n e d i n Cha p t e r s I I and V. 

(c) The p r o f i l e i s c a l c u l a t e d u s i n g the VOIGT 
s u b r o u t i n e (17) f o r each s p e c i f i c f r e q u e n c y . 

'(d) The i n t e g r a t i o n was performed by use of a composite 
Newton - Cotes f o r m u l a of o r d e r 4 ( c l o s e d ) i n 
100 s t e p s from - 10 t o + 10 h a l f w i d t h s . 


