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SEMIANNUAL REPORT

This Semiannual Report contains descriptions of work carried out

under ONR Contract No. N000]4—76—0123 and ARPA Order No. 2683—Arid . 4.

It. covers the period from 1 February 1977 to 31 July 1977. Section I is

the Semiannual l~eport Summary vhile Sections 1)1—V are more detailed descrip-

tions of work carried out under the four projects supported by this contract.
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I. SEMIANNUAL REPORT SUMMARY

Tile four pr~ jects be ing carried out  In the  area of Laser Processes

under this cont ract are su~ m .~r i :‘.cd be low . More detailed discussions

are givc~ i in  Sect ions 11 t i l r l u u g h  V of thi s i p~ r t

(1) ~~t t  1 \‘ u~u v — R a r c ’  (~~I~ ; 1) ~.c har 1’ i ’ ~~

1 y ..’ j~~ u ~~~~ e ~y’s .~ 1 ecu i f  r -  ;. t t i ’; Ct ivt’ I r i -  - p ’  I ‘~ 
-
~ the me t  ~

f 1.v h i t !  i f . ’ I i  1t ’~~)(  , I pI ~ } .~ 1 ~~~~~ 1~i S U r :  ( 1 t ’I’ . t  u. 1’, ~:t nrar y i n !. 1’ ‘~.‘flV~~--

Our measurements of th I - P t  ic:il j ’r opc •r t  i s of t h e  alkali

metal atom—rare gas molecules have been discttnse d in earlier reports in

th is  series. Analyses of these data led us to the conclusion that electric

d i s c har g e s  o f f e r e d  the  po ssibi  I it y  of effici ent excitation of the alkali

:- r i -  ~- . ‘~ : I . . ‘:: ~~ 3 I  . /~ i e~~~i i i ~ J ‘.‘ . !n: ’. c ’  i ’ ( - I1 ~~~~~ In  an ex i

and ~ 1I~.1\’ 1 i C ~1l eV~. 1 t  ~~~~ C ’ t i .1 ’ t .~’t ’: i t ~~~. :  l en  )~ in ( r ; i l’ r ; :t oiia c ’ c 4 r C t r l c

d ] 5 c 1 L n ~ ~‘, e ( ‘x c i t a t i on  of onc of these  n v n t  c~~ : , . . ,  t h e  Na— X e sys t  c m .  r j h i s

r epo r t  c o n ta in s  a m~~r v of t i l e  e xp c ’r i m c nt  1 rt ’SU 1 t s t o  dot  c’

The c x L ’ri.T ,~ ’ n t a ~ m a’-~urL’n’~’nts of the o p t i  cal  - ..~d c i  ~ ct r i c a 1  character—

is t ic~ e ] e ct r i c  d i n c h o r g e s  in ha —X e were Thfl~1( u n d e r  c o n d i t i o n s  as c lose as

p oss ib]  e t o  t hose  n~~ roj rJ ‘~t e for  laser  app i  I t n t  i onn . Thus , t h e  h i g h  power

( 1 0 — i o u  / .~.) di~~c 1 ar ~~i,-~. \- ‘L - ’ r : o!’Cy,It cl i l l  a pulncd ~~ cj c’ (‘~‘4 b ee)  so vs to

1 ’  1(. — 1
~:- s I. .~ i ~ : - : ‘ ~ in  ~ 

( -
~~ c’f .1 P - Ii 10 c-~ 

- and Xc - ‘ :~~~‘ I en

of I0~~ to I o20 
~~~~ so as to n I O y . ) L~ I ze ex~ h- 11 r f o r m a t i o n . Stahl ’ quasi —stead’>’—

s t a t e  discharges  were ob tained in a small. volumc’ cc- il w ithout t h e  use of

p e lonizers  or sustai .ners.  This s t a b i l i ty  is a t t r i b u t e d  to t i i t ’  observed

p o s i t i v e  vo l t—ampere  c h a r a c t e r i s t i c s  of the d i scharge .  Measured spec t ra

are In t e r p r e ted  to y ie ld  e x c i t e d  a tom and excimer d e n s i t ie s .  The measured

exci ted s t a t e  f r a c t i o n s  f o r  the  N a ( 3 2P) atoms and fo r  the N aX e (A 2fl) excimer

s ta te  arc d i s a p p o i n t i n g ly low. These and o ther  excited  s t a t e  dens i t ies  are

-  -- - -~~~~ — .- — - - -
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close to those expected for an electron—excited state temperature of

about 0.35 eV instead of about 0.5 eV as required for efficient excimer

lase r opera t ion .

Tile modeling of the NaXe d ischarge has shown 3 
tha t  the elect ron

impact excitation and ionization of highly exci ted states is much more

important than previously thought. The reworking and generation of

the requ ired elect ron impact cross sec t ions and ra te equa t ions contin ued

throughout this report  per iod.

(2) Stability of Discharges in Weakly Ionized Gases.

The problem being modeled is the growth and steady—state characteristics

of the ca thode fall region of a glow discharge such as used in high power

discharges or discharge enhanced lasers. This region is particularl y

impor tan t in hig h pressu re , hi gh cur rent  dens i ty  lasers because of the

large amoun t of power dissipa ted in a small volume and the resultant

potential for the growth of discharge nonuniformities, i.e. , arc ing .

During the portion of this report period for which this project was active ,

It was found that scaling laws used in our earlier modeling at relatively low

current densities could be used to correlate a wide range of publish ed

st c a d~ - - n t a t t ’  data.

(3) Electron Excitation of Molecular Metastables.

The technical problem addressed in this project is the pr ediction of

rate coefficients for the excitation of the upper laser levels under discharge

conditions. Such predictions are extremely valuable in the initial evaluation

and optim .~Ezat1on of discharge excited lasers. The present phase of this

project is concerned with  the measurement of exci ta t ion rate coeff ic ients  for

the state of the N2 molecule. This metastable state has been proposed as

-
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an efficient “transformer” of the discharge i~ower into the 
energy of various

t ipper  I ;inor  l e ve l s , e.g. , NO and H g. Our i rel in I nary r -esti 1 ts suggest  t h at

previous calculations of excitation rate coefficients for this state are

much too hi g! i

(I .) Scat t cr1 u~ and Ti ansjuort of Reson an ce  E ’: c I tat I en i n  Cases.

These cxi ’e r iuIe l l tn  are Inteil dOCi to test: our abi  I i  ty  to predict t he role

of nonradjat. iv c ’ t r a n s p o r t - of resonance excitation when metal vapors are optically

puinj)ed by lasers at wa v e l e n g t h s  ticar the center  of the  resonance l ines. Thus

our recent c a l c u l a t i on s  of this effect using a previously developed model

flro ”Ict t h at  t h e  t - ~ Ii encv of 01’? i ca~ p u n p i n g  o I in- resonance I evels of

N. l ee’ ~a i s  by nil o r der  of Iflag n i t i  ‘e at  h o -  ~~ ‘ : .  e f o r  Na d e n s i t i e s  of about

3~:i (
1 > 

,:~ i i / r ~ 
~~~
. Wi’ l i . ’~~ e~~ ‘ i ’d ‘n~c - of t !:~ r’- .~~ -d c;~pc’r i~ -en t  ni  dot a

but  a ‘ye  n -  -
~ i’ 1~ ~~iai d i t a I I ye c ::par i i o ’ ;  u.: i t  h t licC ’rv .

II. ME TAl. vA p oR - -L .- ’it ~J: GAS DI SCIUIRC ES.

Drs. II. Rot hwel I • R. Shuker , A. Call ogher ~nd Nr. D. Leep.

‘f IR ’ I d i i i  ~ ‘ nh~ i’c t i ye of  t h i s  p ro j  oct is  to d e t e r m i n e  w h e t her  e lec t u cc l

I - - - c - ; i p  ;:~~ s t >  ‘. -
~ ( ‘ 1  I~ a V . !’ ’ : . ii I J ’  o .: - j o  - - or e  b - . d  en I d a  a fli’

h igh  p c)w(’r , l i i  t ;h o f f  Ic1  i n cy v I s ib  h lasers. t.’e have earn id o~ l th is  eva lu—

at ion by 1:ic ’a ” . l i j  i~ ’~ t 10’ I 1  l..( I 1ir211 eloiracteri otics and emitted r a d ia ti o n  f rom

15 16 —3
pulsed discharges in Na—Xe mixtures at INa) 10 —10 cm and

(Xe ) = 3—6x1019 em ’3 and current densities from 10 to 250 A/cm2.

A. App ara tus .

A sketch of the gas cell and discharge region is shown in Fig. 1.

For d e t a i l s  see R e f .  4 . Temperatures r ang ing  from 350—500°C are used to

ma in t a in  Na in  tile desired saturated vapor density . Since Na vapor reacts

with pyrex and quar tz , a sapphi r e sleeve is used to help con f i ne the
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Fig. in) Discharge c e l l :  A , s ta l  u less  cap ;  13, qu a r t z  j a ck e t , in d iu m

sol dered to the top cap and bot tom f l a ng e ; C , water  cooling; D ,

heater co i l s ;  F.. f i r e br i c k  enclosure ;  F, q u a r t z  windows ; C ,

bo t tom f lange and anode base wi th indium gaske t seal; U , anode

support (kovar ) ;  I. cathode support (kovar) ; J , sapphire  tube;
~~~
, pump out and gas inlet.

b) Cross section of discharge region , drawn to scale for 5.3 hi m gap.

A , sapphire tube ; 13, cathode (molybdenu m); C, anode (molybden um) ;

D, dis charge positive column ; E, cathode bri ght spot; F, viewed

‘Iregion for diagnost ics of positive column .
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vapor  to t h e d i s c h ar g e  ri’~ i on .  An I n d i u m  sol do r quartz—metal seal

i ti~ t’d i i i  t lit’ h~r ’~ t ’1i t c. 1] a sh i r . ipnr  i t  I .‘s ar  o deemed i~~~i gut f 1.-ant

in the data prest’att’ d b e l ow . A d i s t i l l : :  ion p r o c e d u r e  fo r  t h e Na woo ~l~:u

a p i. - .. ,ii; i n  1 > ;  I d . n t  Ic;:] di  s ih a r n e  opelni ion was obt  a I no d sal .,

ii ~~
‘ 

~~~~ C f  I i ;  ~~~~~~ .. i ,~~ , 1 : . o d  i ’> ‘ la’ ::c;’ dc l i t  p r i ’ ’r  U’ f i i a t i  :.s~~’ - i : ~ ’ i v ,

In  ; , d . i I t  J o n  t ~i -  i o :. . ’ a i ’ :~~: gi’ ; i i h.  ~~~~i~~ii V . > . j . c .O . ’ . .  h i j ’ t>c ;~~h i h i ( u k c d — o u 1

t it an ii:a sponge b t - c cn ’o (5t0r1 ug t he  gas cell

The d i s c ha rg e  reg i on is v i e w e d  th rough four windows in the oven wal  1.

The ph ys ical  ap p e a r a n ce  of the di s ch ar g e  can be photographed with a camera

I . . h  i~; n u t  u n to !  f o r  q u a nt  ~ t at i ~‘e i: ’;l : >‘~~~‘:  & ‘ ot s .  The t Inc  d ependc ’nce o t

i~~ ’,. t -
~~~ . t ‘- 3 ir e ’ . ~~~‘, I (  -

- I’ In  )‘i~~. Ii ’ Jo io ~i~ t. ci c Ic-,’ 1 - h ot o i i u) t i p J I e r  I o l e : ; ,

c~ di i t t y c j ’  v . : \ ’ c l - - ’ - - I I ;  ‘ - ~‘ “ n e~~j > ~ d b’~ c~ o t e i f e y c ’ i , e e  ~5) ~~. - r .

flit era a i  e ch i  ,ac~ t 0 h i d  uc~ ..- a wavclc ’iq ’ l h eg i a :>  I n  I I n ’  NaXe  cxciiner h and

(( 10 urn) and one at t he  Na rc- > -;ona i i c ~’ i l n is .  The’ rise ti>: .’ of the associated

elect r eal es Ic  70 nscc . The sja t. 1 al  in t e n s it y  d i st r i b u t i o n  iii region F

in Fl g. lb ~ 8 i - - ’ ’a o  i ir ed  e’i Lb an SiT vidi~ on I o~ e , ~th-i ch r~ cord:; th e

tot ;? i~~~ t (i ’it ted in t i>e (- 30’- (-40 a):; \ ‘a\’ - i c - ’n~~dt Ot g~~o!i (~ ;o i0~ a

0~~
’ 
0) 0 1

’ >o . r’:. Jt J C ’  a ’ ::( ~ ; c’’ 1; a’’~~ ‘

1 5 0  annin; ; ( .  ~~
‘— ‘> ;;~ ‘ - c  t J o - a l or w i t h  “‘3 ~ r c s o 3 i i~ 1 ’ ; > .  Thio aeaoc~~n t  i’d

it -; pi i t i  on I p u t  : ;  saiap i cd in a spec 11 ic Li ian lot: c:rvn I , t yp i cal ly

center ed  at 2 psec after onset of th e discharge. Repetitive discharges

are necessary for accumulation of a spe ctrum ;  the discharge repetition rate

is l)ui1ted to 10 lIz to a v oid poss ib le  gas h eat i ng .  The spec t ral

sen’~i tiv i ry of the spectrometer arid the plioto~nu l t i p l icr  scn~~J t i v it i e s , as

fi1t~ red , 0 1 C’ mea sured u s ing  a diffuse reflector , Illuminated by a calibrated
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(O FFSCALE ) I
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( E N V E L O P E  OF 1’flNG~NG)

I .
~~~~~IOO — ~~~~~~~~~~~

t ( / z s e c )

Fig. 2. Time dcpende .nces for a 4  ~sec discharge. Light~ intcnsity from zone

F in Fig. lb at 562 nm (through an 0.5 nm ha l f—wid th  f i l t e r ),

total interelectrode vol tage , and total discharge current are

shown for [Na ] 6 .3x lO ~
5 cni3 and [Xe] ~ 4.14 x 3.O~~ cm 3

.
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t t%>\ ~’,~ . t et> j  oci jod..’ 1 amp , in p lace of the dl  s char  go. l ’hie lot i- i - ‘ I. - ,  t i ‘ ‘ - - ‘

..‘u r ri- ’n t  and v n l t , i n & ’  are moo i t a r c d  by a ( :( , 1oa’r ic ’a l  c u r ren t  t r . cnc : I ‘r .  I

and hi  ~‘hi  volt ;;
~“o p 1  c ’ho

I - . 1 -~ schs -i c e  St  d I i  L v .

I:: ( : ‘ L ’ ;  to ; - i L - V  t - . i : , a ~, U ’ c ‘a I . . .  s I  - ; i d y — : - t , - : . . -  iuo d ’ J c .  t o  1,a~ ’ t i- .~ ~~~ -

th e ei ::dl:,>; iii a ct’i i~t’:i~ ”-rd’ > u3atc’ d , Co nc’, t a ; t -  i u i) 0 0 ~ . ‘dt’  )
‘ e l ’o ’ .- t - :

ml cr o::ceosd ;; fo l  l o w ]  i i ~~ i n  it in I  p r e l on i  z a t i o n  . P r c i on i z a t  100 b y a

flashil amp and b y mu ]  t I p h i o t  on i on i z a ti o n  with a dye  laser was I U V I  i t  :~ 
-

but  f o u n d  to be unnecessary to inni nt nin di  scha i ’ge s ta h l  11 t y . 1 ; . >  I . ’ i ’ LL

- ‘ ~~‘ ‘c ~ I l i e  d : 0 - 1 . 0  rye t a - c :  I n i t  Ia ~~~~ ~~ - ~~~~ :> -
~ >~ -‘ ~ ‘- -~~ I ‘P’ : ’ - ~ 

‘

(>~ ~. c: ’a:~’ , a; a - a c-> ’ : ’o. i t  —rc - ~ i i i :-  t ~‘d ~ 
- . ; t  o- , ‘ u! :; c i ;  t it t — I a’

C c  . i ’ di- : .d : , , cuc ‘o n i l  ~~ , t ac  C ur l  ( ‘ , i  I n e m c o :  i’ ; a I ‘, .a -

thit ’ t - j i i : ~ i . - d y  c:1~ -~ -c  ; i > c i ’ ; - . l c i i a a’h . c ;  ~~
‘t ~~; .;: c c’S i i i i~~i c :~~ 

( h i ;  vol t 
~f0

r ’ - ~ t 3 r d  n t h e  n 1 ’ l g 1 I I ~~’ ;bc ’ C . d  of 101’ V ~-~f t !  t h e  d i :  C i - . o 5 d  C I I ) > o~ ‘ ~~~~~ ‘ -

c it  i— -20 A . ~ 1ie ( C U ) ’C i i t , v o I I . -~’, c’ , a rid )i 1,~l t oi c~~, ’- t  far a re Id n~~fl~ :- ~~ k .

a’ t 0 f caad  I L I1,o ar e  rc 1’r c .duced in )- ‘,i y .  2 .

i’ ’: ca n  ho, - ~~t’t’n i n  l ’i~ ’,. 7, t he  d~~ccc i o i  C’ \a~ U ,- ‘ -  r ’ l ( ’  ~~~~ c ; -  ‘ ..i • t

:. :‘ , c 0 0 ‘ I I)  ) ~ .; - 
~~ r u :, o . 1 ‘ ~

‘ - 
- - ~ , 

. ‘ -

1 3 ~ .‘ 1 ci:
’ 

pol ‘a Ic : ‘‘70’ C .1 ri rc’g i o n  F of 3 : 1 :’ - 11’ - 1’.:. ; l a  €‘~ -:n : ; ’  ; ,

d i ; ’  L i  ~~e , a / A / c > : ’ pu lse  was he ld  on f o r  ~‘J O0 ilsec , repre;-c i t  ny, a -

h e a tin g  of —-200° c i n  region A. These pulses were terminated t ci 1 . t

the cur rout r’aguiatiiig I c t rod e , so the~c values represent lo wer  Ii id  t ~

th~ th ,c f ea s i b l e  energy  d ep o s i t i on .

In it i a l l y ,  m o l y b d e n u m  but t : on  e lec t r odes  wc’rc’ u sed.  U s in g  on1~ ’ X i  v .

at  j o~
t
~— ~~20 cm 3 den~ J t y ,  a s i n g le f i l a m e n t a r y  ar c  would dimdsi y,~ 1 . 1 w.-. -

the ‘) t ’ i I  ,‘odes , as is normally observed in purc ’ noble—gases . But

_ -------4 
-- - -- -~~~~~- -—--- -
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at [Na) > 10~~’ cm
3
, the  d i s cha rge  homogeneousl y f il l e d  the volume between

elec trodes at  a cu r ren t  I ~ 0.5 A. At I ~ I A , the discharge would spread

out f rom brigh t. cathode spots , with the number o . spots Inc reas ing  w i t h >  I.

1~ith the onset of cathode spots , t h e  cathode  fall voltage dropped from

~ l5O V to  — - 2 () V. In order to cent i ol the pea I t  I on ic  and numb er  of cat  bode

spots , a coni cal . m olyb d enum cathode  of 90~ f u l l  ang le  a nd hu l l ed  t-o a

rounded point  was then used. This  cathod e , combined w i t h  a 5 mm diameter

f l a t  anode was used for  the resu l t s  reported here .  The el ec t rode  gap was

norm al ly  5.3 mm , except for  a respa cing to 10.0 mm to e s t ab l i sh  the f r ac t ion

of the to ta l  voltage at t r ib u t ab l e  to th e  ca thode  fal l .  At all  I N a ] ,  [Xe ) ,

and  currents (1—20  A) studied t h e  disch> ’:at’,e );1c)’(’;id O u t  f rom cx small , b r ig ht

spot. at: t h i s  cathode point into a hoi’icgcneou;; volume discharge , ~s indica t ed

in Fig. lb. The width of the discharge in the glow reg ion (regi n’i F in Fig.

ib) was measured and foufld t o incr ease with increasing I and dec reasing N ,

with the anode size clearly l imi t ing  the discharge area in some cases. The

size of the  b r i g h t cathode spot and the wi d t h s  of the glow discharge region

‘‘C r c essoni  ici l I y con c :t ant  d u r i n g  t h e  several i i i  a rosceon d> :  of dischiat ’~c

C. F~eci i1 ts .

The emission spectrum is shown in Fig. 3 for ti~o discharge conditions.

The contribution of the NaXe A—X band ,5 the 4Sl— X ~ band , 6 and the Na 2 A—X

band 7 are iden tifi ed in the figure ~long with lines from higher lying Na

levels. The top spectrum is from the I < 0.5 A , homogeneous glow mode -

(current dens ity 7 A/cni~). With the excepti on of a few Xc I lines beyond

800 nm and a trace amoun t of potassium , all emission from this discharge

is attribu t ed to excited Na. In the l ower half of Fig. 3 spectra from two
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\-:tx i I raa-T 1l (v — )
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~~

5c . ,x- \-,‘() dj  x . CI ILJ  ~~ 
( O1) d) tioii~; . 

‘i , l
t
l spc’c’t )- i,i ; . ; :

39
[h; ) ‘- ~.8 >: ) ‘

; j :e) 2.h ‘< 30 /csi ; corrent ck’nsitv ~
- 7 A/ er . ” ;

inter—electrode voltage 100 V. flottoin spectrum : K+C , from an

8 sun wide , 2 mm h i g h  zone that includes  t:hc c a t h o d e  b r i ght spot;

C, from region F in Fig. Th , ~in the positive column ; K, di f fe rence

between K-f C and C spec t rum , a t i r i h iu t e d  to cathode brigh t spot.

[Na)  6 .3x  10~
5/crn3; (Xe) 1~.4 x 10

19
/cm

3
, current densi ty  130

A/ciii 2 , li/N 3 x 10 18 
V—cm

2
. The Na

2
(A—X) bands, f rom a th erm al iz ed

A—s tate , at the Indicated temperatures , a re f rom Ref. 7 . $
p

-— - - .
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d i f f e r e n t  spatial ,  reg ions are compared.  The solid line curves, C,

I>; representative of a hi gh c u r ren t  density (~l30 A/ cm 2 ) di scharge  spectrum

for  l i ght  e m i t t e d  f rom t h e  Posi t  lye  col umn region , region F in Fig.  lb. The

curve labe led  K + C Ia t y p ical  of lig ht origix uit lug f m  1)111 a nun h gh , 4 iam

wide  zone  t h a t  i nd odes t h e  cat bode . g i nc e  I i gu i t  f r om  o u tsi d e  t h e  cathode

spot lx ;  I tic I ud ’d In I i l l s , WO hi :i ~‘C (‘5 I i  m at  ed t lie s pc’c t ruin of t he cat  bode

spot by s u b t r a c t i n g  t h e  s p e c t r u m  o zone A , normalized to  remove the Na

lines i n  the K 4 C s p e c t r u m .  T h i s  yields the line labe led  K , which is

assumed to  c har a c t e r i z e  the  ca thode  spot .  Th i s  spec trum looks like a

therm al  c o n t i n u um , and is similar to  a hi g h— p r e s s u r e  Xe f l a sh i i am p  spec t rum.

1’he dot ted 3. i tic I abc) cd NaXc is the shxap~’ of the A—X han d , ax; mezisuri . d

in Ref . 7 and adjusted to our operating t c ’I IcpeJ - a t  urn . The minor difference

in the shape ~ f t he  do t t ed  curve could be due to an elevated vibrational

t e m p e rat u r e  of the NaXe~ A st a t e .  This cou ld  be due t o  electron

collisions w i t h  NaX e * plus gas h e a t i n g .

The r egu l a r  In t e n s i t y  undu] .at ions  in the  720—78 0 nm r egion in  Fi g. 3

are a t t r i b u t e d  t o  the Na
2 

A—X b a n d ;  as t hey  m ;itch ,  t i l e  t ’~~p ( C t e d  p o s it  io,

cf t he  A—X baud p
~~

,l a. ~‘hic ’ (b:la::ic:Im i :’( ’ct i > n -  i i  i ti me 1~:i 2 A.-s(cL’’ ~~~

all 650 K t her m a l  p o pu l at i  on di~ t r i b u t  ion is show n in t h e  top and bot tom

of Fig. 3, with an Intensity s u f fi c i e n t  to e x h l ) c m i n  the  observed m l  cn S ity

un du l c i t i tr n s  in each ease, in order to exp lain  the to ta l  i n t e nsi t y  in

the 720—6 00 urn r eg ion for  the  130 A/ cm2 case we then need to pos tu l a te

an addition al broad continuum , withì intensity ~4 in u n i t s  of Fig. 3; this

appears consistent w i t h  the observed i n t e n s i ty  in the 470—550 nm region .

_ _  
H
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Bowever , the ?20—I~00 mu inteus i ty could also be at trihu t ed e n t i re l y  to

/~— -X band  fz ’onm a t l i c r m ~i) A—stat e p o p u l a t i o n  d i st r i b u t i on  at: l100 K,

as shown in t h i e h ot  t:om of Fig. 3. Sn cli an ci eval ed t eumper a tore dl a tr I bu t  Ion

c et m ) d  c-asi l’,’ r e x - u )  t f r o m  A—r. t a t ( ’  ( - 0 ) )  i~~ omx ~m l deL ’t ruc t  :iomi befor e comp i C -I

a t j o~m ai  i t i  : i > : ~ I ii~a , The b ro ad  1 - n  t t ’re obuerv ed at :  810 nm in hot hi
7

tip . c tr a  m i ; . v  ; x ~u i € ’  t h c ~ A--~ i~~f l d  ~~ t - H i t  e , 1,ut as can be ; i i f c r r c - u

em the  t~~e 
~~~ 

h and . .  sho~’ni i ii  Fl p .  3 j I Is necessary to invoke a

nonlin ernual A — s t a t e  p op u l a t  ion di s t r i b u t i o n  to explain both I l ie  sateiii.( C

m t  enx : it y and the  m a g n i t u d e  of t h e  I n t e n s i t y  undo I a l i o n s  in e i t h er  spec t roe .

TII (  ;:c 1.11:1 1 Na
2 A—> ~ b~m~ i i i  t ’ n ~ i t  y thmux ; ~~‘I:i ;I I ua somneIahi:i t un c em -  t :iI n , and

o~~c c . m I u o t  t e l l if I~a ,, / — s t a t e  ;-~ o~ ia ~‘rn  1.e ag d~~p )c~ ed r e l a t  IV C ’ ( a

i, - : - c ,‘, — s t i I e a t  o~i~ - a t  ( he h i t - ,h m c - r  c u r r e n t  ~ cm ’i a i  t i i - : ~ . Such dep ) (‘1 m l ’ . of

a Is, !~ St ~~I t  C S i ’;  ~~CU l  ~~ i x ;  ( ‘> p~. C l  . C I  . ‘ O C ( C ~ ~~ 1~~~~:): C W f e nL  t h - ;e - i  L i ~ ’a , ‘m ; e  i n

e lect  m r s  cci li x;j ems. ; 1 d saodi:m t an o~ t he X and A sI a les

A h x , o i u i  v : im ; ~ ,-
~~;: - i y S: - - . S u T e i . -a l s of 1~~’ N:d-~ - I~- -X h and . fr oe rc’r ,ien

F In  1’~ ~-, . lb  , are  r educed  t o a Na 31’ d e ns i ty  I ~~~ ( 3] i ) )  u si n g  I he 1 l ( ) i ’ I : ’ m i i

( ‘ l i i i  05) d ; i (  a c f  J~( ;f 
~
, ~I I i d  i tic ii;, -:s ~ ui’s-:1 effect Ly e a~ c m i

8 . -
— t L & ‘

- i - ’ t v C : -  I ( ‘  : 1  d I : i a  - ‘ c ’S  a!, ‘ 1: — as ‘ ~; : a - ,

~~S’ (~~~S S eC t  i e n : m )  :sre:i We can exi t ~~) Ja b I lis t , &‘~, i  ~~~ f o r  t i m e  /1 S 3 J~ a nd 3 i —  31

( r an  t i c si~ :. , l i m e  i m 5 ; -  31’ a n d  ti l ) 3) ’ )iiu’a in  F i g. 3 ~~I e  ~ p t 1 c n l i y t h I n .  The

total intensity from th ese  l i ne  shapes thus  equa l  a Na (n S) 1
iiS—3 1’ 

and

jNa (nD) ) i’~~) 3 ~~ where r is the spon t aneous  c m i  ion rate. The resu) I lu g

axial den si t ins  of v a r i o us  e xc i t e d  Na s tale s , di vided b y t he ;  r st a t i s t i ca l

w e ig h t s , arc ’ p l ot t e d  i n  F ig .  4 fo r  two cu r r en t  densit i e s , A l owe r l i m i t

to the rex , I dua l  (i~n — i  on I t e d)  [Na ( 3S) ) In the di  x~charge  can be obtained

by sub t racting the electron density 
~~~,



—14—

t O
I5

~~\

\ 

( r i p )  1 II I~

~~~~~~ 
:: 11 ) 11 }

~ I:
z - 

- \O .38eVI_i lO~~~—

- 
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Fig. 4, Ratio of excited stoic population to statistical weight as a

function of energy above the ground state , for [Xe ] 4,5x io19 csn’~
3
,

an initial (Na] 6.3x iol5 cm 3 (o), and current density

~l30 A/cm
2 
(.); 13 A/ cui 2 

(x ) .  The density of rNa(35)) during the

discharge is indicated as (.) or (x) ; ,the  3S , 3P and nD, n~~4—8,

state populations are given. The straight h u e s  correspond to

0.38 eV and 0.33 eV excitation temperatures in the 130 A/cm
2

and 13 A/cm2 cases.
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- 3 ,9
obta m e d  from the measured current d e n s i t y  and c ;:3cu)~ t ed niob i l it i es ,

from t h e  limit Ia 1 Na den sit y [ Na )  Sousa of t h u ’  c-I ccl rons may r on u l  I f rom

Xe lon i za t  105 , , b u t  ;e; n / E N . ;  < 0.35, t Ils ix ; not a major uncertainty.

~~~ ~ , - s t : l t L ;  i e s i . l u a l  N , .  dcn~~i t 5 v ~; ax - u ]~ ;-m ; !~~
)o ~~“ p h ’L t c . i ii; ) ‘3~; . -

~

It  i~ net -x-:a; t 1; t h a t  fr - i’ Cac1i  I i s t ’  r - ; - a c : c ’:~ 1- p u ) r L i e a : :  in].) I m e a )  I) ’ (‘a a

c ’b t  ) I i .  C -  : ~‘f l S ’ .:g I n  a 5 ) 5 5 5 ’ ,) - -  I at h-: Is ~‘ ( a s c. .

fly vary ing  t i m e  ci s - c  rc ’-~s- ~y p  t lie vol t a gc; e rop  a t t  Ti bu t  ~ t o the cat h o d e

fall has been d c - t e m n m i n i e d  t o  be ~-l5 V , out  of a typ ical total . voltage drop

of 50— 100 V. Thu s t h e  el ec t r i c  f i e l d  N i n n  t I n e  po x ; i t  lye co] umn ix ; known Iron ’s

thnC e lm ’s ’t r oc le  vol t ageS. In Fig. 5 E/N and [N. i  (31’) ] / [ N n  ( 3 S) )  sVC p ] o tt ’d

-~ / 1  fC ~ I I;i ) .- n
~

-. s- ~ -5) ‘ :55 -va -  - - - 5 : -  ba ~-: ~~~ - - -
~~~

(N ‘-  I i ) .  h j s i s’ t i ! 1  c~~~xhss ~-, e a r -s iac~ - - s ’ ;  x - ~ ! ‘ I i  (-) ~~~- ( - ~~I ( I )  , 
-j

( s ~~: : S C ’ I  CC ~ - )  a -: 1~-~ ;-~ ix 1’ ra i s ~~ c a x - I . /,~ : c: ‘.1 - l s y , ; l  m s , b]  i’ 1 ( - 5 s s ~ I

chsp i a y  -~ by l’i p .  5 is l i i i :  p o s i t i v e -  r a x ~ i x - t s i x  t~~ a ) ; : ; c rI ~~t Ic of t i m e

disch~ !~~y - , a comud  t ion  t~~a~ a ( - c x a ;  to  be ci ()) -
~~ J y  co~ n ( i ~ ( i~ I t )  I lii ’

of t~i x-c ~i : r~~- J . i s s t sb~ ) i t  l i x -  55 A t h e  s~~i a l  L ) ~~~~’ OI  ~~~~~~~ d i s c i c i r g e  wit -ui

Inc -i  c.. - S i ’~ J

c -  Ia. ;

‘u s ’  1 S t  c ,i~ (~~ 5 )  J j ’ H~~ ( t S ) }  ~~O, Oi au d i - c c - ! in t u e  dix ;c hnarge (xe- i-

J i g. 1-) ix’ h - - I  1 J ( l e st  for  net O I L  l e a )  p 1;; 0 5 5  t h i s :  ,‘s—X ba :md a t  A 70’.) ni ; ,

where t h e  gai n c o e f f i c i e n t  i x ;  r e l nt  ivel y large  (I . c. , [Na *) [ N a )~~~(g Ig ~ ) exp

(— ln (v—v
0
)/k’i’) must  exceed 1) . 

1 ,2 
There ix ; m e t  gain on this band in the

80O— 9P~’ mm r eg i o n , hu t  t ine  gain cool fi ci ent is quite smal l  . When Na (3S)

dt ’p J ci ion  is a]] owed for , as in  thc’ lino~ in  F ig .  5, it app ear s ; that

(N a~’(3P ) ) / I N a ( 3 ~ ) ]  ismi ght  r t ’achn t h e  desired 0.03 to 0.05 value s at

JN0IN > 1O~ A cm 
2 

but the gain coef i l c i e nt  would he small due to neutral

Na dc~ilet ion , and efficie ncy would be very low.

_ _ _ _ _ _ _ _-

~

-

~

- - -
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F R A C T I O N  - 

L.

lo~~ -

E - ~~~~~0 -

0
E / N

> Ag
(1 /

- —*—-—-- .- 0 l~z — /‘~
‘\ _ _  C]

16 1 
~ _ _ _ _ _ _ _  ~ I
tO t O O 1000

- jN 0 /N (A/cm 2 )
Fig. 5. E/N and [ N a ( 3 P ) ] / [ Na ] 0 in the positive column versus j(N

0
/N) , where N~

t ) ~~~~], N
0 

2 . 7 x  io19 cm 3 and N / N 0 2.04 (113 and L~), 1.07 (Em and A ) ,

0.50 (o and .). The ratio [Xc]/ [NaJ 3600 for the open symbols

and dash ed line and 8000 for the solid symbols and solid line.

The lines are average s of INa (3P))/INa(3S)) for the same data ,

where [N a(3S)J [Na )
0 

— n
~
. 
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We have not: measur ed the  Na *(/ ~S) d e i m s i t y ,  bu t  If  It is assumed to f i t

on the lin e  in VII .. 5, Li nen us i nig 1. lie same cr11 eri;n I,.isccl on h (v—v0) /kT wh er e

hv
0 

ix ; L i n e  3~ — /~~; I r anx ;i  l i o n  energy , (Nmc ’~ (!~:) 3 / ( N a  (35) 3 is al so

insufficient for 15( 1 la in  on t i m e  /m~~~ - YY h c a n d  . I i  N a coo l ml i ’c J u l  r sc i iuced

at  si tu l ]  a r dafl:- i t i e s  limi t  I owes gas temper : -  Vin e;: (c- . . , using vol a t il e

h; r h  • u t s ~ 01 ~. : a I l ow) net x-a in and mx I nTt:Ci)’ g~.-in (xc1c1 l i e S  i -n t

could he ~:dmi c’vcd on the  A—~ and ~~—X ) bands . i t uwev er  t h i  a i x-; an added

level of comnj)l cx I I)’ and pc ’sai hi e accompany in g  pr ob I c-ms with tim e disc-barge 
‘

b~1navior migh t occu r  as we] ] .

Tine single effect ive excitation temperature for almost a)] of tine excit ed

stat i- c~~ Na i : -  ~u a su rp r i ~ . xm ~~. Not r ; t i - ~t x i -  h ;xv s - • at J~ e~ ; i is r ’ s v d .  -

I or x i  go i i i  s - an t  ch c t i x  i-s I r - .x t he si ag i - t t - : - j - -  cr I sr~ lix :vf or in  i m r

3U  3~~— - r ~i N I i  i i - : : . \Sc- t i m .  i - f; - ; . ‘1 ;- .; t s; c l . v s 1  u’ rn , -ci. of tim-

eff c’:-t diii I: , :lx i a~~~ I Is - I c - r I . i!i~: p er i o d  to iN -
~ l i l l i a N  an ,m a d . - c c t  a n d in 1  of

a f a r t  S I  a s:-~~ t~~c ’ l  1 ~~ t lsc dc’vin: . Sax :  f y m c ~n x - i x ~~ I ’  t u - : .  xc -tu ; e I i x a x  ~~ i l x i r

i x n . l i - m ’  t s s x ’ ~ i I ’ ;~ ix; css- -nti :;l to Ii - - l i c t e i s :  d v ,  lc ~~ ;t~ of ir, - t t xl V fl J’ Oi  a i d  ot h i - s

I i  t;l1 pawc -r densi  tv  eles In c di- - - h : i i - p i- 1 - - c c i  . it; ; a d S  en i c-d i sm I -h-c t  1( 11 1

i’- i ’’i: por t  i s - i ;  c f  ti ; p ; i ~~- i l isa c - i  s - c - -~v a aria - ; ’ en 1.1k ix: x- ’ael 1 1 1 1  oc ; I : i ;  l i e

ii - -e - ‘  - , .  1 : :.m ii - S S - 
~~ ‘, 

- - — - -- ‘ ~
- , : - 

‘ - - 
- t c -c s ; .  — 5 -

wi t i m  lie- cxc it at 1011 and u’.., ce i t  a t .  i t S ;  s - f  cxc- 1 s-i  m t  s.a-xa lxv t s’\-: cn ( ’vc ,”- electrons .

III. STABi LIT Y OF DISC h ARG ES IN WEAKLY IONI ZED CASES.

J)rs. II. C. (then (lo /4/77) , W . L. Horgan (from 6/7t-) and A. V. Phiel ps.

In t i n e  last semiannua l  r epo r t  we preses-its’d a summary of tine techniques

we have  developed for t ine  modeling of tine growth of tine c a t  m o d e  fall region of

a glow d i s c h a r g e  such as f o u n d  In  hi gh pressure lasers. During the p o r t io n

of th is  r e p or t in g  period before th~ end of Dr. Chen ’s appointment , the results
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of our cathode  f a l l  model were compared with the  available experiment al data.

The p r i n c i p i  c resin] is of t h i s  companlsoi~ are  shc’wrm i n  Figures 6 and 7.

In Figure 6 we show tine “raw data” of the  e xp e r J m n e n t  ami d t heory  for ca thode

fai is in lieU urn. This p lo t  tal-~ec isdvmmn tage of tlIc al jag laws fornmn latcd 
- -

ear l i e r  m-,O 55 to p l o t  a l l  of the  a v ai l a b le  ( ha t  a 1,; ;-. f s ’ r . ;x  w h i c h  shoal  ci ~- ic ’I d

un i q u e  curv.-.~; of c a t h ode f a l l  v o l t  ags - and shea th  t i n i  s - h i k e s :  t his’;; i - ~~saurc

vs. current density di vided by p r e s s u re  squared . The scale at tine trop of

Figure 6 is a p p r o p r i a t e  to dis charges in helium at a pressure of 1000 t o r r .

We see t h a t  t h e  open p o i n t s  r ep resen t ing  r m ’ l a t : i ve)y  low p ressure  exper imen t s

and the solid points represem-itini g hi gh p r c - x ; e m x r e  thc ’nrv do scale .in expec ted .

i h a  s o l id  I i n c - s  as- i- t i me r e s u l t s  of a vt -T)  x- ;i ap l a x l  endy --st.nte model  in n wh i ch

t h e- sec~ ;i,:t:i r -  -n; i 55:100 c-ocf fi cient and d c-ct m i ;  arx d loss mmi ;x hI lit Se c - a s e  ;tx- ;x - 7 J ;  ‘d

c c x x ’ t n at  cut-i a i l y t p0~ L i v e  i cia c- ’.x mi c c l i : - x i e i - ix. , ;~t .a. Ii s i t c i  m c--

Tine d a t a  of Fi gur e  ( has lc, - e sm r i - i - l o t  t e d  in  Fi AIIrc ’ 7 so as to show t ime

power d iss i pa t ion  and e l e c t r i c  f i e ld  s t r e ng th  to gas d e n s i t y  r a t i o  to be

expected in the -at h o d c  f a ll  reg ion. For c>: msip ie , this scaling :iimdica t cxi

t h a t  f o r  .1 c m n r i en t  densi ty of 100 I s / e n 2 
m . t  1(100 torn  l iii- eath io d . -  f a l l

~e:~~;:t ~ j . ;  /~~;) ~‘o l t x : , t h e  a’.-c~~!l t h i h i - .~~c ~~~ i s  lb lii , I L -  pa;- ; r is ; -; - I i ’  t l a x

sheath is /4 0 kW / crn 2 or 40 MW/cm 3, and the  avu r ags -  e l e ct r i c  f i e l d  s t r e n g t h

is 1O~ V/cm. IL should he kept: in mind t ha t  I 1~ xx scal ing  niegl eel a gas and

electrode heating as in a very short pulsed discharge , e. g . ,  10 ns.

Also , essent ia l ly no quan t i t a t ive  exper iment al  data  is available or likely

to become avai lable for  quant i ti es  such as sheath thickness at these high

pressures.



-
~

-- ---—-- -

— 19—

CURR 1~N T 1) flNS I TY AT 3 000 Torr , A/ cm 
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FIg.  6. Cathode  f a l l  c h a r a c ter i s t i c s  fo r  discharges in helium. The upper

sc~s1e shows current densi t ies  for  a discharge in he l ium at 1000 to r r .

See text for other cond itio zis .
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CURREN T DEN S I TY FOR 1000 Tor r , A/cm 2
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Fig. 7. Power input and incari Eli-h v alue  fo r  cathode fall region of discha rges

in helium .
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IV.  ELECTRON EXCITATION OF MOLECULAR ME TA STAIILE S

I). I s -vrs ’ :s  and A. V. l’he I p~

The ob~ s-c t I vi ’ e~ t h i s  p r o j  i-c t Is th e -  me,-naur ~-mcx n t  of cxcl t a t  ion ari d

~i. ’~~t r n i r t  i o n s  r a t e -  C 7 ’ ( - f 1j ( - l e s m i  s fo r  mid -Las -t able- statc-; ; of sxvtle-cui:-;; of inLec i-st

- i i :  ix d h i ~~l , p- -~ ;-r V ic -- ib~ s- i;’-~-ers. Ti p : r t i~’u1ar ‘~-e hr \c ’ been r : ak ;n 1  

- - ~- u r ~~c m ’ . - e l ; s~ ‘ h — c t  s a l  ; -> : e L : i t i  ( - ~~~~ ) x : ;~~

and  qis-ni ls I ng r - - t e  cc-cf  f i t - i  e m i t s  fo r  t i m e  A
3E~ (ci t a st : sb i  C St ; s t C  of N

2
.

T i m i n  i x a - t ; ; s t a b l e  s tat e  is reported to have’ a h ig }m e f f i ci en c y  fo r e x c i tat i o n

t r a n s f e r  to p o t e n t i al  upper  la s e r  l evels such as the  s tat e  of NO or to

3the I> levels of 11g.

s:s ~ I - - :: c - -
~~

-( -
~~

-
~ 

-: 1 (151 c-I t m -  i i c - ;  t ; r s - i t  ( I i  I - 5  N d to - -a’- d

tb ; iso at it t : :  c- f t i s  ‘: x 1 -it ;‘cc L i .  Is e m t a C) x c  v- I al _~ of

t1~~ .‘~~~~
- , S t i t t e , [ i t e  - t a x - a r ’ - 1 ;-~~ t I - c  d e e ’- i t  m ’~~ t - c - t x - a -at t j t S ~~fl c - t : i i 7

rate itt c fi r s t e  f c; t I m e x - i s -  level a , and I Lu lo t crpr c  I I ; ;  I ic in  of t he-se- dm ~ La

so ms - 1 o ~-i t - i i i I i -  c - e m s  x ho I Ira o f c-r~c? ; ~ - ic S onai  l evel 1 it t b  t o t a l  (-1 c - c t  I

: 1 - 1 -  c:ot - f f  i c ieSt  for t i c ~~~~ st a te . ii isa:: l et-ar- ’- ;5 3 - 1 7;:s -i; t t h a i  a

( 1W i l i t L  L ; x t  lv ’-  t s ~ I i - r ; : L ; : n d i n 1-  cC  t he  ro les  of 1 1 m m - v —U and v 1  v i b j n t  ~~~~~~ I I -ca a

- c i t i  s i  I s :  1 1 1 5 - r u a s \  s ;  s - c - s S s-~ t he- ,- ; ;  1 - x  ; -  ‘ io;- ‘~ I c  I

- - - - - - - - - 1 1~ -; . 5 ( ( - I - 
- t~ , - - - i t  - - - - 1- - - ~

- - - - -

x i ; - i i  lp- t i c - C - i1 dus-~ ia , t h e -  x i -  -~:t :  s ( ‘port iri~’ pc- r i ;~~~

V. SCATTERIN C A Nt )  TRANS P ORT OF RES ONANC1i RADI A TIO’t .

Drs . A. Za j on c  ~nd A. V. Phe l ps.

The i r xs r :-s-d l a t e  ob j ec t i ve  of t h i s  p r oj ec t  i x .  Line 11 s t  
~“I’ 

of t he-or j u t :  of

r a d i a t iv c -  and nonr ad  i - c t  iVt ’  I r ; m x p o r t  of r s-x - a -a ; sI - e’ - ~- i t c t  ion i i i  sodi u m : : s  vapo r

cit wave length s  ; i t - is r t i n t ’  pc-ak of t h e  r s -rcc snani  ‘ I i i i  . As m t  t i n t e d  In
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~~~~~~~~~

- - - - -  

I
Section 1, the p resen t  empha si s  on t h c -  e f f e c t s  of n o n r a d i a r i v e  t r . lnsport  j
of r esonance  - xc i t  .1 t i on ar i ta -s  f r i - i - . i t  pot c - n t  i x i i  i nipo r r ance  in tind e rs t and I rig

and p r e d i c t  ing t iic - de v r eax ;m- In t h e  ef t i c  i n - t i n y of laser  pwnp lng  ex p e r i m en t s

wlu - .; p m n ; i j i  
~~~~ 

oc c u r  s a t  I in - - - s - u t  I •

Recen t  ‘-,~ -r i ;  i c - m a  i - - i - i ,  con- - m s -  - i - i l  I 1 c -  I c - ::  a t  In the  p rocedures

fo r  t h e  t s x t x  i c - r  of ~. c - i t  i - t o  t i m  - ‘ i  ri - i - t m : i  i c - i 1 , t ic s - nispro\-etecri t  of

t ine iio~~ i i i  m a c m t  t o r i  of I: - . :i : i i r t -d f l s i o r n a . m  n i m I  l i i i  - x i t  i s - : - t o  a c c o u n t  f o r

chan ge ;  In I :iser i l i t e n S i  t y  mmd b - ;sn pos i t  ion  , . l ici  f o c u s i n g ,  t in e  p re l imina ry

m easuremen t  of f l u o re s c e n t  i n t en s i t ie s  and l i n e  p r o f i l e s , and tile m o d i f i ca t i o n

of the computer  codc~~
1 which  p r e d i c t s  t i n e  usessnured spec t ra l  i n t en s i t i e s .

F:i ~‘,t I r C  1~t s !mos.a - t ha - t t r ed  c t e d  Va ~~~ m i t  ion in  the  f I t n o r c sc c  u t  in  t e n :  i Ni

as t ine in c  i d e n t  1 - -:~~- i I s I s-:sed t h m r o u f - ,1c t he s Cs ; c -nc i im ; - c -  . in t hi  a case- thc- I n sar

i s  t s i ;n - d  I I -  I i I l i 1 i s a -  of ticm (~~N) .0 ism ) and  I ho x s i o n o c -h s r o t n x x t o r  i~~i - ( tm - i  ~~~~~~ or

are adj u sted t o  c — i x : - e - y ~~- i’ t in t -  r l~)o)~ -sc1-nce ol the  l i n e  ( 5 S ~ .6 11515) . ‘Ihe s o l i d

cut -yes are  c a l c n :  1:: t e-d x m n s - x m l n : i  Si: no r i - f l  cc: t l o x ;  of cxci  ted atoms s in  Ic lug t :he

window of t O t ’ c c l i  • T u e  curve ] a b l m - m i  I) assenme s t h a t  the  d i f f us i o n  c o c r[i c i cn t

12fo r  t h e  -x-  m Ia ci ;cN  ~:s 1;; t Ime ’ val  tie - c-~~J eel  a t  i’d u s i n g  i-he convent ional

f m - i -  I l l S l i i ~~~~~ 
l : e s~ i m  ~m -y  s - f  ~ C t t d t m ( ’ 5  t i ; x ’ n - f e r  c o l l i s i o n s  t o  d~~t r s m ; s i n c -

I I c t  e-~ I - I t - 
- - m l  ~ - r I c i  Id  c u t  c- - h s c - ~ t i nt ’ c-c- : — [ - -

, 5 j a s ;  -a : —

i s  t i n ,  d i  f l u x :  i o a  c o i f f i  c i ( - u t  for t i me  c - x c i t e ( ]  at  ( i x -  is inc rea sed  or decreased

.1 C m  N ;  c- f l i x . The dashed curve  shows t i n t  p i o f  l i e  ex p e c t e d  wh en the  r ef lec  t i c -n

c’oef I i c - i  t--n t  f o r  t he  cxci  od a toms a t  the  window is increased to 100%.

We see t h a t  mi t  a soc liunni  d e n sit y  of 10 15 cnn t h e  p r e d i c t e d  r e d u c t i o n  in f l u 3 r r c —

cence and p l im p i r l ;  e f f i c i e n c y  at 1 inc  cen te r  due to n on r a d I at i v e  t r a nsp o r t  is

about a f a c t o r  of f iv e .  D u r i n g  the n lcx t  r ep or t t h g  per iod we expect to m o d i f y  the

theory to i n c l u d e  hy p e r f i n e  s t r u c t u r e , to complete  the  f l u o r e s cen c e  measurements

anc ! to compare theory and expcriment
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