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4 .s1~~JI. I

ku t~ta ’  i~~ ’ ! ~ ~y or - I I ” ’- -ed ii i~ iist ’t r ic~i i’~ 0 p ‘ t s S rr-  volume-
( i~ / it t t i1 id ’ , . l r t - . t ! - 4 . H t S  es l i i i H r  In t i  e c t i o n i  a rid

it u a n i t i t  L I e u  en t !It ,t ’ ~~ t ’ .l ’~ 
ji ~/0., t~ i t t ’  ~c s t 1 ’d t Or  i u , ’. t  r t O  eel j o l l i t y  arid

i’v~~r l t ’  i~ 1y 1t ~i’ c a l  Heat ion. A~ a ‘ s - cL  en I t t i  ~\ t O C l 1 i ) i ~~Ut - , J u l  i u i ’ . t r t i  -

n’ t i  ait i l i t . ,  a t n i i r . 1  op I !  Y ,~~ ~ ii; 
i t . l r E t . t lr.

I t i t ’ L i t - ~t t i e s  ot  , l J t l l r i l l I  n iolec ilr~ , s i c  es L ire/o n (H .~ Ra nani
5 1 11’ct ”I ’ .Lo p - , ~/ t i 1 ’~ . s r v t  i u l  d i s t i n c t  a~k 1nt - l :~. i , -o r  ‘ t t i ~ i~ i’ i s i  ‘u~ t ’ - t i l

ion I t ’S.  Sanupi p c a Li H i t  i S  l i t  L I ’ 111 1) 1 1’ . A ii i v .  I I  (]Ui l lH t v  Q l
co in he iade t i p ( 1PO ) i a c o r t O l n n  pre;-su rr , a t .  I s’  S p r C t i ’ t i i t  i~ . ’ 4 i t .  i s O .
Pr l~~t i t r o  o n L i  is t e u t l e  l i / I  t . i t i ’.t ueilt SO t - t ‘ i  il l w  for c i t r i ’ e la t io ni  ot
L O l i C t u i t  t a t  ion W i  tli Poin t “ is  it  1 he n o c  t it re t i ceni  t ‘ i t  loi n ~mnd
Ramn an i r u t t ’ n n s i t y  l i i ’  Iii - C  i ’ , ’ ’ u om ’ i  l i t i J i  u l 5 t ’ , i i  ly n m  in tt is c em ’ r& ’ la t io n .

T ine sa ;T aii ~po c t r ’  in u t  Il~ s c~u i u i ’ o t , t J  0 I t o u t  I lOi l S 0 j U l  1 l ’ u i t  at ionial
rl ; u l c u u u  I- ’ ~weeni O-~ 0L1 cur .ini n v i t t rat  i o m l O I _ r ’ t L l t i t u a l  “~ ~ ion in t i c
1000-i 20u cur ’ m ’ t e  ion. For m i t  e l i s i  t ,’ l O l S i l l”  ‘ t I  i t s  t t ~ H~~ne 1 t at 1155 cur ’
1; us ed , th is  bt ’ i i t - i  l i t ’ s i  onqos t  i iiid in I t ’ Spt ’c l ru f l i .  Thus , t i e  pUi’pOSC

f th in r o o m ’  t is o d”nc~ I 5 ’  a s iii 1’ l  e ‘ ho i t~ ’ E  ~c ‘ m l  i Seat sq di f fcrent
co nc e n t ’ a t i omo  01  I i >  ~~ t o t ’ i u t - .t i~~j ’ur~ut r e t  i o u  it ~’ ‘ “ it ’ . . The ‘es in i t s  w i l l
se rve - is anot lici- c lot ~ en c i i  i t u ro t i o i i  va l , i r ’ i  0” l u  .1 .il tt ruiat ~ \ t ’ ~0 ot l it ’ i ’
c i i  i b ra t i o r ’  i i , ’ tn iod ’ . T lm i ’ i  w i l l  a i l  in i ’ - ’ t l S  j i l  Idi lCi ‘ j r  Force opt ’rat io ns
require J ’t t ’ m ’ t ’ m j n i cd  love s of a: ,es , n i t  pa r- I  ncu or ; u d ’ e L I ’ii . to t ’ t ’ W0ii~ toi ’eJ -

C ‘ T I
1 ;lp l - E _ i l H P

srsear ~ t rade hvLli ’ t t i enl ~t u  ‘ 1  ‘ - i - ’- t u t u I \  H i~~’~~~a r r t  i” i  e~ t he qo’; 1i i \ —
Lure .. T t i r t t ’ n I i \ t . ; l i - e ~ I- S I ’ u ’ ec : 100 , 1 ~~

‘ - N ’ ) .  io i  0.1 ”  ( in  N . ily-
d ro qotu  I - i l \ t U r O s  H 1 p ro j u i r t i t~ s t a r i . t . i r d  i~ t e c t l t l , l o s ;  .au i i i l  inq Huiks
were t i  ice to ! lppro\ i i l l d t e i y  t o u r  .~~t ; ’ t t ’  0t e ’ t . . Uir-o tan k’. i’4’ O l & ~ c h l o e  ted
to a l i i g h— v e cuu in i  q l i s s  l i n E ’ . The vacuu m liii ’ ~- t i I  c i  t o t  i .Hl lace/ i  ie rnt ’r
;‘~‘essur ’ t qau ne and the t t i lt i ii l ss  I r u  OOt ’  ILl. he t i t i r o  s v s t € ~ii w as
ev acuatr .I o rde r a hJ~-~ v e ( to - 1 i l l  t O ) .  A t t j l ’O\ i it t  0. tw u atnnos-
pheres of lIp Wt ’i r  d ’ 1i- ,i i t  ii; i ’ ’ ’ t i l S  c r 11.  T i t ’ LC11 i - S  rt ’ init v rd and
placed in Li s a mn p it ’ c o S i j I o r t - f l I m t t  i t i . s s e t  ‘ OII 1 I or .

A Cary Modol t t , P itn , uui ‘ - p l O t  ‘ t t l k o L e i i i r t r l c  . 1 . 0 1 1  i l lS  .iscd t o , -  nneas u r- inq
the spectra . For in e~ c i  t a t  l o u t  ‘ . IIl i ; - I’ . -’ ~i ‘- ‘ ; n’ t  ‘ u  ‘IL ics  ~0LI0l 1 0— 0 3
ar~j on- ion 1i’~cr wa uscu t ;  t i  Li’ - -~ 11111  w~~; U ’ . t  d . Lac i’ r 1 ~ lv er  o u t t u i l t  was
moni tored w i t h  i C a r s  1,r,e ’ ev. i’ i t t o n ’  ‘te - uu ci at the sampl e .
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I - H i t  I s L I ’ 1 i i I i t ’ i ‘ .t ’ ì ii . ‘~~ 0 SC ~. I Ij ili I I ‘ p u t  ‘ t i  ‘H’ ’, t i e ’ s ’

He - , , . t n t  i n n  0 C ’ l l t ’V t ’ , I  t (~~~ a ‘
~~~ 5’ LJ ‘i~m - . l s  i t ’ t i . t  ~I i  j  1 0 — 1 0  i l L  (or m m -

I t t ’ , .  ‘mt ’ t i  - Hit - sq ‘. t E n ’ , i s S r ~ 
i. it m / 1 — W i ’ . 1 1 l e t  t i ’ . m l ’ . -

it i i  1 , i t f , i i l ’ ,; nt ’ ‘ ‘ L o t - i  e a l’u’ .i t P ~ - i ! I t l  1p~~~. ’. .1 - j a ro t t l s  wl n i  1 ’  t tit ’
. l ’ t i i l ’ I L ‘ it ’ C ,L it . i ’ ‘ i n  I l i l t 51 .01 l .t ’i’e ’ i t  t O ’  i S  01 ) 111 t. t .iLI I’ ,

i 1, 4 - ~~~ ~
,_ t ’ lit  - I ’ - ‘ I . ‘ Lii t . 1 1 1 4  i 4 _ t~,t ~ , ri I I I . J , i ’ t ’ ,

u ii-. ‘,5, it I t

I o l l  ; I t t u l i ’ l -  1 - L -  0 l u t e .  t l ~’ o p t i - ~ . rl  l o t s  t ’ s  i t  at t int
i r ’ u i H t - . ’ . n n t i t ’ . I . . t : - ;  t ’ ,I, ’cu ”. ’; I ’ l l ’ len t II~~ H Ct  t l i t ’ ct ’i l 4 -,-h i le t i e

t5 ’ t  0 - i i  i a ~. I ‘ i t  i~~ if , )  II to t  ,o: i t ;  t i  ‘ s Lit’ H t i u t ’ u t ~ 1 1 . Ti t~’ 1-a ck i
ii I i t~.t ’ ’ ‘ ‘ I ’u . i i i” . t o  l v  ve r t~ it. 1 e ‘ i’ ,) lV t ’t L i l t  in S i l - l i ‘U- , ~ Oil L’ ‘ Er (la’il”

‘I S’~ H • -~~~ : i tSOU S S t i N

[f l  I 1 1 1 1 4 1 1  ) i ~ ‘if l0 !’- ’ l  ‘ ,h i I~ ‘ I i  r Ai ;n in SpO C t ’ i t e n ’  fl i i i ’ t i n ’  spec  -
‘
~ra~ ‘ c u l on i , 0-00011 uo l t l ~ 

.;u)I~cti . t l a s s i q r i i u e n t  I t t i ’  t h e  va r i ous  h a nd s
ho ,  t ’ ,’n t t 1 1 ,l,tc ~- ‘ 1”’ .eJ mmii - t i ; c l ; s ’~t ’d ( 1 ) .  Th e I l i e  loi’.’ I re1il4t ’ t ’ c ~ hands

c i i  d o  . ‘-s . e l i ’ • u - 0 ~~~~~~~~ ~~~ i ’ S ’  - i  n ’ S ’ t a t  I t i t i t i  1 5 , 1 t 1 1k e r - c t ’’. - -

‘ 11111 I ’ i ,j  i l l  e I i i u t t~’ , i n  t o  rot  . l t  I t ) M . t  ene u H I -~ c 1 H I l l  I PlC H ’  molecule.
Ho’ ‘ t i e c t i o r u  r 1~ s m c  ‘ i t ’ t c H i L l  ‘ i i i ]  t ! lYiS l \ ‘v e l  ~i c t t l & ’s i n  t h e  R an n o n
et t r o t  c r1’ 1 0 , + .~~ . i l ’  ‘S ~~~~~~~ t inu . in ~ m~~i~ i qm1 t ’U r’~ t o l len ’s ’
i 5 t ( J  ,0 -P) ;  011 ( 0  I .- .;) I ~i.. l t t .;:’(, . 3 -5 ) .  ‘~i 1 0’ t I t ’~~t ’ t r a ns Lions
cor i ’ t ’ L. poim d t o  v t~ l i t ’ l i . , t ’.L L i i ’  ‘i t c t H ~1 v i l i ra t i or l a l  Oi i t ’ rLH l e ve l ) .  llle

I t ’L t i l ~~ t ” t i t  a t  io n ta  1 1 i t ’ i~ t n ‘Ot t  (J . 1 — 3 )  c~ : 1 1 1101 . 1 i t ’ hi qmio r t ’ ’ t ’ —
t i l t ’s:’.- ba ’ n l  . ‘t ’ C l I i ’ t ’ n Iii) .‘i I ii ‘0 , .1 :3 , 4 I H’ . . 111 4 10 1 cmi - , or e  v i brat i on-

1, t i l  ‘ m i t t s .  1’ l t ”0 ’ I lii i I , n” -,t t o  rt ’ 1 l t i, t t :  I t ’tS ’r’Ii level c i ta n iqes t ic-

t O O t ’il t n t -  v ihr ’  m t 0110 1 ~‘is ’u ’ v t- ,t  Len , v~ 0 its l  v 1. T ; ” ,1 ha ids can he
a S S  iq nn ’ i a’, t o  I - -.~~~~~

- - , lo 1 ~J ,~ 1~~t)) -~ I :io~d .1 - I ) ;  .fl ~~~~ ~~~~~~~~~~ .1 1 ,‘s(3 .3-3~ .
Al 1 ot  t 10’ . tr  no, t. t o l l ’ . O u t ’ ‘t l l ld I v -  II ‘ V 1 a l S O ,  these ,ire label led
,1S t~ ‘. r m i n i  t ic- i’ . S l O t ’ L I t 1 ’ , i w - o l v e  ‘ V  ‘1 a r n t t  -~l—0 .  tIit ’ str oni1 nes t band
err is 4 1 5 5 ( 1 .1- 1)  cur 1 

- ~ t i t ”.t ’ hands 1 111 In ’ ç~~~ t ’  ‘ iOi ’O eas i l y  in Fi gur e
- Wii~’ S ’  the i m ’ e t t t lL ’ mi cy s c , n l t -’ has been m l  r e i ned  to a l low more separat ion
‘~‘t~ t ’en t h e  t ihsc ’sed t u~ ni dn . b ’  ii i’ HH 4~H hand thit full hanndwidth at

ha lt - uima ~ ~t i 1~~ ’t ) j o s - i s  u nt o  1- . 1 ~u u - l 0, 1 11 / c lO d  to H l u e m  qase s hydro-
gen) OXhib l  Is ui e\ t r i’ i l t t ’ l~ na”roi’. 5,1 111 spt ’ctru lnt t t h i s  is due mainly to i ts
light lilO l e c i l t i  Wt i t  ond s O  u ; i I , ’ t n0 ~iinet i’\ ( l o t tu t i c i oa r  IllOtOlillO , point

‘ n r t t p nv u ’ ;m t ’ t  ry - n ,~ - Ill, ’ 5~, 
~~~~ bOi l ‘i~~ I t ’  s t t ’u um i ue ~.t i ii the

el i ’  in” c p ’  ‘ rO ll I l l S  ‘ h ~~ ; ~~~~
. . C , lI i t ul’ a t .i Cli 1 ~~is t t ~r htd i’oqt ’ n i .  No ot her

‘ j , i ’ , e -~5 iS i t ’ . a u i ’  t l i  1 . 1 ’ t i’ ’ t  ‘~ “ e’ ;’ cb s ’  t i  ~h i s - ‘ u i; ‘hub . i t s  ;‘e s i  t i on
‘ .1 i t ”  iii I 

~~~~~~~~~~~~~~ 0 I ’ ’  I ‘ 0 r ’ ii t - n n

1 Ic 1 , S - K - , ‘‘ ‘  ‘ ‘~ ‘I - :1- i t - I  ‘ ‘0 0 m m ’  ‘ ; ‘ o c  “ 1  e I ‘ ‘ iso to p i c
i i i’ ,
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In I j ~~. in ’ ~~ 1 - i l  a t e  5I , t i U !u  fill’ I o ’ u l  Is 01’ US’ ll’-SLE Iltl’d t j O f l  mea’~-u I t ’i’ It ’ l u t S  I ’ ’ ? ’  11)0., 1’ , u i - i  0. 1 0 ’ . Iii a L, ( t ’ l ( ” , O f :Ou i c i ” n i t m ’O t i ’ / t I
I!ie . m . ‘, t ’ t l t I, ’ n t  n ill it u ’ ,t ro r - t ’ i - , t a l  15. 1’ ‘ t ,~~ ’r~ t ’it ~~ ~~ ‘tu, ~~ ’ t i i n t ’O LO S’; t a int fo r
t a c i t  I’ t ’ L - I m ’ l ] n l , n I 1~h~ ,~j 1 

~~~~~~~~~~~ fl’ : I 1 t “ - n ~
- . lw ol e res i l H- . For lii. ’ dur a—

t i o m )  t / l  ,IIt ‘\ per i l ie i l L  t i n ’  1 i ’ m  ‘il l’ le v e l  at t I l t ’ - . ,i l l ll i lt ’ w as  t : t o m i j  t ti ’ re
onni found to  t ’l t i , i l l t  Cc n5I~~nit - ‘ii t o  in 5 ‘ s ’ liii ; small v a r ia t i o n  has

1 i 4 I S i l ’ el ect , 1~~ i m i t ” S i  I’ , C t i L h t i J t S  act~i e l  1’ - o I ’ ’ .t ’ t - v d .  Gas - f l  1
pi ’o L c d i t ’ Ie. II nd l m&it  j I l t  ‘~I.i l ,LO . .ii~ 0 1 1 1 0  j ou le c c t ’ n c  5~~liC( ’ till 1 1’ t ”- - H U i ’O

t t L l d I i l l 1 ’~ o r , ’ ~~~t ’~’ t ’ t ’ 1 t i ’ i lJ U c j 1 t ] t ~~. i ll’ ‘ n u b t i l l ’ ,’; ~1O S ~u’11 l’,’Ot .  St id i t l
1051 t i e m t  liv ,t ct ’ 1 b lu i l to r .  ALtu -.l I ‘~ ‘ loll ch in e” in the ce l l ’ s posi t ion

had ~~‘ i ’y  II u le  c i i t t e t  ~~~ fik j~fl~ ’~ i l l t ”. . Iii I ‘,l ’ ’ l L ” u l exper iment s
f o r  t~ ”0  l o n t L t ’,lt l ’aLIoiI t i l t ’ t ,Oi ’ L t : il ),l ti I ’ ,’.’ i i ( i l . ‘ ‘ n o d , sc a n 5051 11 . arid
l I c e  , H r  I-,i ’ u ’ t ’ ci ’ i t . t  ~t ’ ’ t  S l ’ u ’ It t m ’ l I t , i t ; l~ j d t h  ‘.10 5 i’ ,LO ’ t ’JSI’d ‘ or the 1~

~1 it . 1 nfl I ‘,t i j t  I’l l 5 ’ ’

1 1 , 11 ’ - t t  sin’s’. t h e  t ’~” . t t l  IS U l ’ t o i r l 1 s t  foi’ t Ile lO0 ’~ F1~ sam ple fo r  vari-
e s ’ , - , i~ ’~ I, ’ ii lands j d t i ’ ’ , ~Sfl~0~ mt 1ti~t ut , t , anu t Ha1 ’ 111111 10501 po~er . T li4 ’
I , lu i1 i t - .’ I  it I ’ , , ‘f l I ’t ’ l ’ 1111 i’ , ’ ,l ’ . ’ I  r 1 t; ’ 1 c,tr ’ lu t  iLl cm ’ Th ese va lues  are

H, r e l a t 1 ”.l I i ’  r ” . ’ i u t  1 1 0  i l l  L i ’ u I O Ht S t f l  u ii i i i’ - , Th a f i m ’ s ,  o~~ p i ’ e \ i —

t fl,itioi l a 1 ct t- I t ’ c u i d w i d t ’ t  wo u ld all,ti.i ri ’ s ’ i b u t ion i  of Iwe bands 1 ciii-’ or
fflt t i ’t’ oit ,ir , l i t ’ t ’ ’ - tu c t i t t  ham idt ’ . i H LI t  e m t i , ’ s tn ’uc t u r - t ~ t ~‘ fl vi ol -a ti on—
io t a  H t m t  u i t it 1 l1 ”, I’; e,isi k oit i L i t  , i i l n m L i c d b 1~ U i s l t lan ’ li In t h I S  I u i t t t i ’ t ’ . St
1 c m - i  ‘ -4 iii Hu i l  I’ ‘ i  StI~, O h ” ’  m ’.IS I v l I l t  I j Ii t ’l l It  1 ’V t ’ V O t ’ , a’ ; the Sl1l’~
1 1 1 5 1 5 O t t ’ i i u e m ’ 1 - , t - I flu . ’ -H~’ l c”~- l  ‘. ini sl~’s k d isa t ’ t ’ ~ ar~. 11~ - ,iO~’S the
- 1143 cnn 1 , 1 1 : 1  f i t .. t 1 . u 

~~~~~~ ~~~
- - I h o d  t h~ F - ’d~~ ‘ , , l ’ o O S t ’s 1 i ’ u El ’ l  P cuIl 1

at S0.~ 1 ottr 1 1” 1 3 - cr at ~1’ .1 ~
‘ 10 citr I l i t ’ rob ati ensh i p between

sl~ec t u ’al 1 .1 1,10111th tmi d -,, u t t i cmt  I n n t e n is i l ,’ in st iuunm u ‘ i t t  Ii cju ro 0. This  is a
p lot  of Sa i itom ~ j u t t ~’ i u ’ .j  Li I ,‘r It 1 - fl 5~ cnnr 1 band vs . st ’ t ’cLi’ il t ’ou idw iath.
-~s can be’ ‘, t ’ t ’ I i , t i u m s  IS 1 1 inni ’a i” r o l m t i o ’ t ’ . 1’ ip f l - i ’ the S pt .’ C t i  ol bandwidth
btuL w t ’t ”t 1 and 10 c i’ t 1 . l i t ’ s I ,t dal ’ Ll i’ t~~

1 . t i  i t t  ‘ t ’ t t , ’ t ’!l s Ie c t l ’o l haml d—
w i d t h  ,i!’ Li f l t t ’ m i ’ , I f ’ \’ in t n t  - ‘v ,li’~ i’b ill ,] t i n ’  ‘ ‘a”~l t- . idt ; h . tit1’ iritens i L~ in-
C i O d S t ’S 1 ‘~ a f a c t  or e t  l , lt i n  F curs t he  ~-ot 1ln hto ” ’ 1or fl , this is c I
r i o t  the cast ’; the ’ im i t1 ’nsi t ’, t om’  I’ ;’ ~‘t ct ’ t ’.i’;o”; at a “ c i t  s lower t 0 ~~t ’ .

Fig ui’t’ 7 s i L l , , t,n~’ t - . - - L e r , j j n i ] s  b r  00 H~ it ,i ~ i~
’i~ = i cnv 1 and a

i j O t r i  of P00.1 i00. P 1 1 , 0(1 - l , a i d  ~
‘ .000 et ’ uimtt ~: ’ St ’,:. ‘T h e peak li ci ght i n t e r m i t

for  the 1155 cur 1 ! ‘ t - , i  j s ‘ i} 1. ’ t ’Oi . O t  ,i,iin bo c t o ’  and Ra i u tc ’ t  i n te i s i  tv
sh ow the’ t 4 ’ I ’, i i ct t ’U t m ’ t ’ iud : a t o i l  o ld if lc rc , l’;r Ii’ 1)5 I S  rèni;l Is in a tenfo ld

I t .  0 , I t i I i l i  l m l t  t ’ f l’j  t ’ . . The l i i i ’  co t ‘ 
~~~ i t  0011 ,000 c ountS / sec pro-

ttuced an n in  t t ’ l ls i t ’ , H n.0 wfi i i i ’ h O .  eo i i ’ se LL u t - i at ‘0 ,000 c o u n ts / s e c
J O V e - I l l  l t i t t ’tu’ -- i  ty t t t  (‘0. -

. 01 1 1 10 ‘1.110 ‘.t ’ t t i n i q  u’ ’ ‘ .000 (‘ e l l n t s ’ s e c  the
RalilOni illteil sj  I’ -. b r  Hi s 501111 ‘,;a~ ü t t  - s C O b t ’. l ot ’,. ”, or, tO n t h e  01.1 cur 1
band , inn t t ’ mis i t  i t ”. 41’ t ’ P ’ t ’ l l lCtlSL,i ’ Itti I or t O O h  oh t iue ’ t i l ’ t ’ t ’ ‘1 1 111 set t i  t i t i s .
(III’ set t inq’~ et  01)0 ,0110 , ‘00,000 . and 0 ,000 001111 1 5 -

~~~t ’ 1’ I ut ~ensi t i es  Illt ’O S—
ured Wris ’ 0 .0 , 11.0, a nmd .SH 0, ‘ t ’ - .i’ t ’:t.iv0l~ . -‘\qa i n ; , 1 1 1 1 1 1 ’ 5 110011 a qre o—
Il i c i lt , even t o p ’  t i n o be ~ rt; t j Iltl In i nhe s l t  g o im ’  S e t  t i - i ”  ( f i t s  hoint i  a fac to,’
on 100). ‘ I t I t ’~~t ’ t t i i ’rt ’ t i n  in -.1’ t t  I tu g s t’I t ’l’ i’&’c o ” ,i” . in order ’ to ver i1’~ the
‘;ta nndi rd cu lt ’ cel lo I a t i  i t u t a m  and i nit ens i t  i so list t 11111 1’ ren t :o t tee t t  b ra  -

t ies’ ; u ’ i ’ t J  Id i’e rece,’~t e0 t t t lL t l ’r S 11111 or 11,i i ii set Li I - ” )  ~ si t 1 ut ’ I “- I t ’F t . l t ’,
would re lat e  d i r e c t ly  to C o r t c e m it ‘m t  ion ) , For e\ ,lIli l t II~ , if 0 ~~

“.. I’0 l l i i\ tU i ’ t
were rt ’ c o i ’ IICd union ’ tOte ‘t i ’ ~iin ~~ 1 l os ,  t Ii,’ I he reni, 1 t s  I o r the

- ---~~-~~~~~~~~~~~~~

- 

-.‘ --.--~~~~~~~~~ -~~ ‘--~~~m~~~~~~~~~~~~ - ’ -  ~~~ - --- .



11.5 cl - I - t t t a r ud ‘ m o u l t  5 a -  el l,tw ’ .:  or ‘~. m ni ‘ ,‘ t t i n qs  of ‘000 ,000 ,
,‘ i .O;’O , ar id . ‘ , u 0t~ (,u ( i O ’ ,/ ’ .t ’c .  i l I t t ’ n S h  t i e S  i t o  0 .00 1, 0.09 . and 0.3 ,
i’espt ’( t i ,‘ I’ , . (‘1 ca rl  It O ly  tr i o Iii qh ~a i n n  s o t  t i  iwj 001 1 d ( l ive  a mIlCa” Ui’ —
,~ ‘l t ’ i ! u t t ’ m u ’~1 t v .  T i l l s  1 111 i m l t e t i t . j t ’ ,- u- o l d  i nd i c a te  t i le need to increase
the ‘, l t t ’l’t i ’a] bo ’ 4Io ’ i dt h  i t .  m d  n c d t t ’ I  urn I’ i i i t l mo ’ i’ and also the r’need to
1111 1 1 1  tOt S ti ne ’ tt iOl ’ t ’ I n i t  ‘ t u e .1 1 SEt ~ ir 1 bon md . I t i~ 1’ .. Hp nul l \ tu re is shown in
I i ’ O U m’t ’ 0 101’ t he  s It ed iSa ! i ’ o t l Jw i d t i l  of 1 o t t  and ga in  se t t i ngs  of
‘00 .0,0 , , ‘ , l .000 , and ‘0.000 co unts/ nec . l i l t ’ only real 1 v measurable Ran unani
i nm t t ’ t l s i  t ‘. ~oi’s’s t t ’~ v t ;  ~~1c ‘0 .000 O o U l i t . / s t o ,’ v i t ’,usure iunent . Here we observe
an i u i t  t ’ t ’ S  I t ’ . ~ t s .d .  nu I i um’e 7 u. ’ ott ’.et’v ed a nn i n t e n s i t y  of 60.7 for
tine 100 t _ ’ .~t a ‘ja i m u  ‘.e t t  i ro n el 00 , 000 c e u u t s/ ’ ,ec . tile corresponding
‘0 ,000 C O t u ’ i t s f ’ ,t ’d l n i t , ” i. i b y  m~~’,Ij i m t0 woul d l , mvt ’ been ai upro\innld te ly  007.

a 1 Hp I l l i \ t u i ’ t ’ t~e iu1d them i t h y,’ a r e a l i n i  H 6 .07.  This is very
C l ” .t ’ f t  t t ’ , t t  00 00 1 1 .  tI” .t ’i ’\ed . T ’ u , u~~, assit l it i t] thit ’ 100 .. li’0 concentra-
t lOl l  I , ’ In’ , lc c mmr , l t ‘ t i ’ ’ 1’ I I .  co m mc e nmt r a t ’ j o ru tes ted was shown to be accu—
ra te  .u l ’ .o, flu is ‘ ‘ t I l l )  ba’ .t ’d on the t t l t s t ’ i ’vctl j u t  t ’ ni’, it i es .  A ’. an addi-
t u o ’ u o l t~~’ 1 ’ , on b ’ ’  1 i i’ ’  ‘o i ’u i t ’l e .  t t n i s  S0’ lu l t lt ’ mis recorded it. a
St t e l t b ’ m I  h ’ ,l ’t iu’, id L I I  L it 0 c ut -  I ‘,[ ie . ~~~~~~ [or L i l i n i  s e t t i n g s  of 20,000
,uuJ . ,100L) count s ,’sec , llleas Urj t ’ l e I nite ns I t i e s  were ot utal ned at 20 , 000
couin t s , St ’d , I ‘rO . 5 a lid a t  . .000 ce ur m ts/ sec , I ~b1’0 .0. There I s 000LI agree—
t e n t  ‘ t ’t ~’.’ t ’t ’ ’ t  t.ri e ti’.’ ’  t io ll i  s~’ L t  i ro ns and the  intenisi  t i es .  A lso , there is
I lcd 1 emit ,l ti’ e’ellle,i L i l l  i r i t  O h s  i t \  I ncr -e ase for ’  the’ S peCt)’a1 bandwi 11th inn—
O ‘O. l S t ’ f -eu ’ 1 t , ’ p c ;’ - 1 . T hu i s co t i  he seen by COlu pani ‘ i i  t ime ’ appi opi’ i ate
t’ .r b i u ; ii this in F i hurt ’ 5 .

t i e l a s t  lip :.aint’ lo recorded was the 0. 11 m i x t u r e .  The re sults are
n ’ ’ - . r ’  inn i i t u m’ ’- . i t )  , i i - d  11 .  In [ I’ l t t !’ t ’ l i t  the spectral bandwidth was
1 c l _ i  a’ i.i t h e  i s i m i  s e t t  i n u g ’ ~ i~ 5511 , 1 1 . No i ’ie anu r ib le i r n t e m i s i t i e s  we re
u ’S to i ned w i Lh I tone se It inc ; theret’ore , the bandwi dth was i ncreased to 

I

P clnI ~ 
1 

~F i 1 ~~. 1 1 ) .  ln i t t ’n isi t ies are ehse ,-v ed for gains of 20 ,000 and
2.0011 coun t s/s ec .  These were 1 .2 and 1 . -I , respec t  i ve ly. Between the
two go i 0 51 ’ t t I rigs t l it ’i’e i s 000 1 L1~~i / ’l’i .t ’ ,t . Ic tv ’ev e i- . by a connnpari son be—
t~~t ’ t ’ Il t i lt 1 - ‘ i n t e m m s i  I ’ , ~‘ i l t i t ’s a m ’ ; 1 u 1 ’ ’ t 1 ’ inmten i s i t ~ v- .mlues there appears
t o  he some di ‘;c i- t ’I’a ic ’ . . lIlt ’ 1 - u p v t  i to ’s we’re ch o cked  against  the 10011.-
lip vo l ues and touui1 to be jO I te acc u ra te ;  it- i s t h us assumed that the 11..
li p vj l u es  Oi’ t ’ a ls ,t ac t ’ tmi ’ a t e .  4 i t O  t h i s  a s s u t m n l t t i o n m , the 0. 11.’ H” values
apj ’ t ’o r ’  to bt’ hI~ iu , i nd i ca t i ng  a 1’e m lce ~1trj t ~ I~)rn q r ’ e a t er -  than 11.1 _ - . If the
11. 1” l ip coni t ’ t ’’ lt r a t l o n i  we ’re occmu ’ot c t .im enm tnt ’ Ram~mm i n t e n s i t ~ for the gain
o m 2 ,i’ilO 4 ’0 , t ’ l t S / S O C  should have ’ 11 e5,t in ,ij l t u’o \ illO t e~lv 4 .2 ; this is compared
to  l I m i t  a c t u a l h ,liuservO d , lP. I’lea r l \  RaIson has d e t e c t e d  a n error iii
a standar d wh ich  would have been used to cal 151 - a te  0 hp detection in stru —
i t i t ’ m u t  , T b ’  ,u lb t i ’ 0 \j n ln , l t ,  ~‘n c e nt  ra t ion  to which this corresponds is 0 .1 51- .
I he t ’n’ntut .  , hosed urn the reproduc tt iii tv uf t he re’ce,’d I nys and the qa in
v ’~ i n te ,ns I t v  r’el ,n t ionsh i ps , i s  f 0. 05’.-

I t has been shown 1’ lnneasur inm ’.i the RaIson spec t m ’a ‘a t’ three concen —
tr o t lOi ns et il~~j ’ t l t l t ’li th a t  a11 imm ’ate es t i t t i 0 t . t’S of  t iese concentrat ions cani
be e h t .n lu i ’d q u ie k l  . e o s i  lv , and w i  th~ ut recourse to  high1~’ sophis t icated
I ristr14Ii1~’rit.i 1 t echu m mi qut ’s . R niii a ’ u 11 t ’ei~ the advan tag e ’s of no spectra l
i n n t t ’n ’ t e m o ’ rn’ ’ for hi’ ar id  t ’ .i St ’ el l o t  ‘ .,iiuup l e pre parat ion. [or sanuupl e

e ,.t t t c t ’ t ntr4l t loris o f 0. 1 or. bn i pten ’ , Rom an c ’ t f t ’ r ’ s a n’ou t irne recordi ng capa—
Si i i  l v . Ile ’ low this conncen t r - a t ion , h ighe r’ l as er  ; o ’ wt ’rs , ba n ’ ier  spec t ra l

_ _ _  -‘ -
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ua , t j w id th s , and h i jm n ’ i ’  ~Ii t t ’ . ‘.luill d hive tçi he’ e mp loyed . Theoret ic a l ly ,
by us ing a gain 01 ‘000 euiui l t  S / S e C .  20 c r  ~0t’~ , and laser  power tu ~ .1
w a t t s  at t u e  sample , the lower do t t ’s t i on  l im i t  wo. l i d he 0.001 ; th is
wou ld  g i ve  ou m I nte ims I ty ui at 1 e r s t  i 2 .
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Figui ’~ 1 . ‘~
,,~t - ,an s pect i ’u ut ’ O h  v i b ra t ion—r o t a t io n ,  region at hig h gain
( lase r  power 1.0 ,‘ta tt at sa m ple; SSh 0 .5  0 - 1 ; qa in  = 1 ,500
counts/sec t period 2 sec; scan speed = 0.2 cnur 1 /sec).
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Fi gure 5. Rannani spectra showing intensi ty as a functi on of SBW (laser
power = 1.5 watts at sample; gain 200,000 counts/sec ;
period = I sec t scan speed = 1 cnn-l/sec).
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Figure 8. Rarn an spec tra of l’~
. H2 for the reg ion

4100-4200 cm -1 (experim ental conditi ons
the same as in Figure 7).
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Figure 9. Rarit an spectra of l~ 112 for the regi on
4100-4200 cnr 1 ( experimental conditions
the same as in Figure 7, except SBW = 8 c m -l ) .

12

- I~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~



-“I

100 —- - —- - - - ‘~1
80

U,

I 0.9
O ‘ ‘- - -- - --~~~ I

2,000 g = 20 ,000 g -~ 2OO ,OOO~
GAIN ~gJ 

- COUNTS PER SECOND

Figure 10. Raman spectra of 0.1% H2 for the region
4100-4200 cr11-1 (experinmi ental conditi ons
the sannie as in Figure 7).
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1-igur e 11. Ramniani spectra of 0.1% H2 for the region4100-4200 cnr 1 (experimental conditions
the same as in Figure 7 , except SBW =

8 cm-1).
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