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ener~ y hv , where h is Planek’s constant arid v is the frequency , under-

~oec an elas tic  collision with a molecule , the photon is scattered and

this a tt :r e . i  li,’ht La of the sane f : onu u n cy  as the incident lLiht;

this is tu r::.ed Raylei ;h scu tt or i t u  (Fi~~. la) .  However , if the colli—

ci ::: lc inelastic , cneruy bE ; e::cl noes between the photon and the nolu-

CUTEC .  The scattered 1TE :hL is now of a d.Lffsr ent  frequency and is tera—

ed P. :nu n scattering . S: attered light of a f requ e nt s” lower than the

inci Lent  l ifh t  is turned Stokes ’ radiation; if the frequency is higher ,

it is turned anti-Stokes ’ racüation (Ref 1:i2 1—12 d) .  There are severa l

aIvants;cs to using spontaneous Rama n scatteririLi in combustion dia~ no s-

t ics .  First , ~~sible wavelength lasers , which include tunable dye

las E rs , can be used . Additionally, the Raaa n sneesru n is spacif ic  for
-

‘ 
a gi-- en molecule and is linearly proportional to the species n sntbu

density . The major disadvantage of spontaneous Rairan sca t tu r iuf  is t h a t

the  s±~ nal is very weak resulting in a very 10:1 sifra l  to roise ra tio

(Ref 6 : 6—8) .

Coherent anti—Stokes Rantan scattering (CARS ) is :i non-linear opti-

cal process . Two laser sources , with frequencies e 1 and co,,, a re select—

ad such that - is tuned to a molecular vibrational resonance. The

sample emits an intense collimated anti-Stokes beam at the frequency

(*5 = S w .  - w2 (Fig . ib).  Thus , one of the major advantages of CARS is

that the li Lht is collimated and more easily collected. Another advan-

tage is that the CARS signal is much more intense than the spontaneous

Raman scattering. Disadvantages to CARS are that two laser sources are

required and the system is very sensitive to optical alignment (Ref :‘ :IC) .

Fluorescence is the emission of light resulting from the choosy of

a molecule from an excited electronic state (Fig . ic).  The molecule is

2 H
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nernaily oxcl~~c - i  t h.ro: : 51 an m e l  is Lie o i l i~~l~ : wit!: a ~:ic ’~oi: of -o r ie:-ov

i i . .  lt ’
~~er a 1T f et i nu  -i~ o w i  s t a t ic of the ,‘a c i t u i  s tat - , t n - s  mol eule

ii r :Lcx to the ‘ru n sL it - s  by th: ’~ sp on tan-wue  ~:-: ! osies. of a photon.

This oh :o  :t c : i a t l  u~ .I c i v ’  Ii :‘osi ce ca n :w--~ b~~ s ’”cr: 10 sad

c c c  (~~‘f r~:S) .  P:s~~~~n 1 t t c J  :lucr :’ucon -o -eufl lu ’ o n t i f ’  1 in

q u c : o v f~ - o  the f~~i~~u sn t~~, sf the I soi  ~cni l iCnt t  or c~ n b~ ci’ the  cain e

fr 0” , tu ’~. I C~-u O ~~~t O ’  f1’cc ’c o e : : c o .  li the sob  Pa : cnt se tcea~ :rY

in d : ”_ u o c -  :0 uus o ~r a both m ci’ u- t ie Scot t  ~‘lt ,O proc cases- , they ace -dl

fcr cat ::iuuu Lbs exOi Li :lf c c : ; L i on  fcc  f iuori ’ucoso ::  sass mate!: the

c- :usr y dic c~ -cen:- ~ n- ;t a ’ - ’en in to  ~~u ;:si-i stc~tu crici the x u i t c i  .;Ta,sc 01 iSO

:osi~ cu1e.

Thu~~ :~ce other  :occ;i::nss:’:c that  cu:: ocr -no  t o  :Jtis :‘l a s r c uc  - nte~ ía

the lois of eror fy fa-os the excited u t-ate of tb’s no lecu le .  lnes~ L u c a s

ore d T c o u o e i a i b o u , coillsiestal d e o c t i v a  ‘S i ’ s ; , m at s - : o ; l u o u l ’ : ’: o n t o ’ :

bra n ;i’er. Th€ ss’ ss’occ::o - . a arc ’ cell o I ively c llocI ‘uen:rLi t aLl

c ‘h c : o - s u u, ’n t ce .  5 sob is o f t o n t  L i e  c c : -  ii c o a t-a ct i o n  cLI: ::co

ass ,. CS’s ’c~~ s ~ru e roseu t  to cot t r i b u t e  to  -u c as l : in: .  It sh eul l he

010 to eelosii.:te the cf ~’ue t of the s’, :5 u chi ne : i : o o s c d i o a l l y  if the

co : locntro  lions of all se~,cics are ira-as s a: c i  the :alLirui oisi i cross

sect ions  arc kno:in . The tempera ture s::ict. ;tlec b~ 3::;ou:; ‘suo suse the

rate  of these processes ;iesencic on the toos : ’uu;turc . Such a dot -al lu

kno :;1 scl;e of the co:Li,-eu~ ion :‘lo:ne is ntsualiy not cc: :;ible, Tb -c

uu.L a ? a L a ; e  of :‘lcscr ’’scence is tha t t h e  f lucr ecoenc- ’ s11 ’,nal is usually

much stronger than Lb.: enDs h t n ’ous Rama n sea t [el-is or CARS si ’: ru . 1 for

the S:rl:ie stimulus. T; :ro , the signal to ::oise rat io  is much imlu ’uvc- c ’ .

Also , the fluorescence ::i ;nal is llitcc~ rly iep ’r;Jont on upocies cor:ce::-

tr it ion.
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There ;cr’: four requirements that must be met if fluorescence is to

be ilca J for rnc caur crsenths  of species coso cn t r ct i on  in combustion flames .

Fir: I , the molecule of interest must h~ vu a known emission sp ec t rum .

So :j u I , the molecule must have an absorption waveleng th wi thin the run s-

of - [yes available for the dye laser , assuming a dye laser is used .

I’ c i  :‘! , the radio -li ve l ifetime must be known since the strength c’f the

fluorescence sign l  is proportiona l to ‘this decay rate . Fourth , if

quenchi ng rnccftiroiara: arc p s - c .  -nI , their ‘SffLct  on the decay rate nuot

be taken into account . It has been sug~ o:te:1 that the following mole-

cules , which are prc .;ess t  in combustion flames , may be analyzed ueing

fluorescence techniques: C~,, CH , CN , NH , NO , OH , C~ H(~ C10H~ , C 1 H 10,

C~~,U , NO0 , and 
~°2 (Ref 6:32).

R u l i  d ive Lifetime Measurements

To determine the radiative lifetime , which is rcuiuired for  t h e

fluorescence techni que , one of two conventional techniques baa: bc ’s: use I.

The fi rs t technique consia Is of m .asu rin- : t b ’  s ta te  populat ion [ L ’s;: i y

an - i  the volumetric emission c o c ’[’icicnt . The radiative lifetime is then

ahbcul’t ted direc tly by u ;in ’s L b . ’ relation

N h vn nm
T =tim

ir Enm

who re T the r c li-live Life I line
mis

N = the s tat e  po~iu1ation , ien:Li  ty

E tho volumetric emission c o ’f f l e i , en t
nm

the tra s.d Lion frequency

• h Planck’ s cola ;  I;ult (6 .6, o x j ell L ’  — 5 0 0)
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rue :. -cond tcc ; ni i ;uc  co:s.:1 ; cc of ::- -. ‘ o ’sr iss  Li ’ ib::oj n~ i n n  ce -fi ’i —

~les:t :.ii.i Lh ..cn cal :u l . it i i i -~ he r dls n i ~ c T i P  :1.; ron tIe ; i nt s  ‘ l ’ ;’t :d

abscca~~t ’s1 u oL ’ . f i i cies’st .  The a b u o r n -  b i t  - s e e l b iel  st is found u sing

I! -r ’ s L i . —’ :

= i ( ~- )  .-xs (- a(v)  L) (,s)

us1. , I’O 1(e) L u ’  sn e:n’ss - -.i l i s t  - .‘ ; - . lt.y ( : e — i l s o t ; C f  dcp~ n dcrs t )

1 (c) = the i itT. Li~~l in t L - s a l ty  (frequency dependen t )

I (~) the cbs ~i-y Lio ;s c ’o e f f l e i  ‘nt (Pc -osuency depeudust )

L the sample ion . Lh

The :LIcns.I  ted ~ I Els3S1O fl  coefficient  (F inns  coin B coeffi c i en t )  is L}:~ nirs

Peas ;- usirL the rel’~ Li eti

B1~~ ~ /~ h 
~

‘rs;s1 ( 3)

;s b.sre ~ is the integr . ; L c d :ci ,:O;,s’t io;i i~OeP t1~ i’ nt . . The spontaneous

O 1::d UU  C O O  f T - eT , e i i t  ( : t~i~~teint  A ce -cf  P1 le ss t ) ,  which 1-; the issvcrs .’ of

[-he ca -il’; Live l i fet ime r, is rob ted to the s timulated D E I I d S I l . O f l  5 0 0 5 1

cler 5 i. by

8 so- h ~13
A nm 

( . 4)
urn

wh er e  c Ic the speed of ligh t; .

Ihcw- ’ve i , ,  bo th of those techniques require .i de L;;i11’d hu e s-sic i,pe of

the so ;tte popula tions of the too .  Tha t is , two m i- s i su semen a c cc —

1ui r - [  to determine y~~ . IL 1:: p e s o 1  ~io , h ouL ’ver , to rne,s sure the r i 1 Ia —

tive 11th-t im ’ d ir ’--t ly . Such a method may also be u s - I  to snesas i r e ,

rather than cnlculai-e , the ef fect  oP quc’nchiizg cot-c ‘ot  I otis to t I;: 1 ’ ,n ;~

rate .
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Purnose

The purpr ss”s 01’ [hi : ~h . s L s  f f ’ i ~ i. 1 .‘ - .‘~~~~ ~ to s i . ’ - ” c  —

ly measure radi~~Liv - , ’ li~~c ti:-s e : l i t .  ‘i 15:01 i t I - - - 5~’—

This mc ’thcj . must  be ea;’ ts  ‘ e af  r c i a ;  S1: ’ .s~: o:. Le -  r~~-;r ~ :

10 nsec , as are ext)ee tej  i t s  eotss ouc~ i o n  ~~~~~~~~ I t o  1~’ ~. ‘ 1i ,;- 4r is

used to promote a molecule to ‘ , nt j C l t L ’ I  s~~ t .  •la Fr. : L’i1~~ty  ~f

emission of a photon s -cfte r L i n tu  t i.; ;“- - , - - s - t , . 1 to c-; r ( -t  
~). I f

the elapsed tins; t between ex c i t at i c s :  unit sho cot . - - . iu s i  T a . is a ‘ sea .1 a

s tacist ically large number of Li~ cc , t.i ’;en a plot of ~l - c  r .  t t u r  .1 log:~—

rithos of the frequency of the emission tI: :4 ;  t ~~~~~~~ tb.  time t Li 11

yield the lifetime T.

Scope

The thesis effort is limited to dcv;loai r~g an ‘exsi r irnent -ol  :cpnara-

tus to measure the elapsed time between CX C1 tation - m ci photon i’missicn

in order to find the lifetime T. A gas s:.amnle t ;u ’.r ln a prev iosul y mea-

sured T will be used as a s tandard for ev ; ;l i a t i s c  the exrcr ir ;ec [. ml tech-

nique .

Nitrogen Dioxide

Because nitrogen dioxide (NO 2 ) Is a major consti tuent i.n combustion

flames and has absorption bands in the visible r ;inge of the spectrum , - 
-

thl o gas is chosen as the gas sample .0 be used . In recent years NO9

has r s e ;L v e d  considerable a t tent ion,  Not only is  it present iii combus-

tion flames , but it is ai~ o an important  cernuon ’nt of the polluted s -t I me-

sphere (For ~O:t 1~18). Another factor i s  that NO~, has a much ion- -u-s

lifetime than that calculated using the i ; sLe ;l-a ted absorption coeff icient

(Ref 5, Ref Pt : 314’ rJ~7 ) .  N eI ther- I cr  and I)uncan have measured a :sli”cn lifot I;’: ’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -~~~ :~~~ ,_g
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of f lues  ;:cot see of ~~~ s un- c (He P 13: 1 u ,
) ,1

4 ) .  K~’ s , i i i  i i i  I I I .  1 .d p f

have n i -  iuur isd radiative lifetimes o t t  t he ord ‘i . of 5” ‘ - c  ( H - P  P :

is ;  I Donnelly and l~;iu fist. in r- ’por i i i  P - s.~i ia’:; of abou t Ut) ~‘s (i :e P - s t I  00)

t’he ,t i s er p t t : i i  ; j i & ’ s l s s i s . s  of NO , lii: : b it -n i ’ .’ S C S i I ’ — l ( d e f  t ’ - :. ‘ h ’ ,

I ) .  aO’’~ ‘P ~
) ; ho ove s it  l a s  t o t t e d  1015 1 I i ’d ;si::ii~ sic; Lee u s ’  of he

ho , h . le t ’ s L t y of l i :st - :;  w h i c h  :lie~ flO o t v i e c i : ;  r i .  : ui a si  Ly ( P oP  i~~:- ’’~~’ ) .

Se;’, ; I - r i t u a l ‘Jots ; ha’.’ ‘ i-eon T I - s  t i P i i -~I , mi ; 9 i  it I n n ;  been d - t , r ::usaul tb 1

the - L , ~ L~~to Ti: l I e ’  fi:a-.t s x c i  t . -d st~ to P05 V t ;  t i .e. . 1. e x e it a t i on  (H1 ’f ~:

i L - P  1) : [1 ’) .  1:: or”ia Lieu  on po ten t ial  e:e’r~:y ;c i i -P ; i c~’:; 110 ; boon

‘t aa~~- i s L  al s — y i i i i u ’i~ ’ , et  cml (Ref o) s t iLt  J . i c i a - l ;  i i i  t h v i  b e st  (H -P Id ,

ibef i i ) .

i”rons in _‘s-puo c.’ti rt~-1lt :m1_ point of view , HO i:s :m ihlfI ’ic;ii l gas to we -k

w i t h .  I t  is m t o x ic , corro sive pc • A ib t I  [ tonal ly , 11w pus X l  s 1s i~;

— t ni x t . ;t re  Lu bo th NO - ; i nd N ,O w i t  P the ce-se- i t  r . it ion 
~~

‘
~~‘:~ 

u s  l~~~ t ’s’ ss ’ s~--

5 4 ,01 . 5 ~t :;,I ‘r ,u ;,s tLa ~.

Th~ theos .’y of  r ; m l o .o l 1 i 5 : ’ t I . d  tnd i’h ’u, ai s ’ i’ i . t l t  h s t  ‘s . ’ l t : -s:. ; - , ’. i  u s

C h . i p [ ’r  II .  The cqu i i s : ;t ’ l ; t .  used is di ’. ;c r ibc i l  in PI ; p t ~’r l i i  s e ~ 14 ’ a - ,t Lv

ci sIiscus ;letI  of I- ho psocc ’ h u s - ~’:; In Chsh ’ [ ’r  I V .  dli p t ~ - v V :1’.- ’: . i  s i l m n i v

ot’ re-cu l t s , d i i i  Chapter Vt .- -~i’.-, - -. ,- i I 1 s t  01’ i~i ’ I 1 O l 5 l : l O i 1  ; and i - . ’ ’ , ’cs :- . ’ i s , I . i —

tions .
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I I .  The ory

The 1’liy ~~L- ,ii tb -os”.’ which . ; s l l i ’ e r t :  the ~-xp ’i’I c. , ’ s t t r t i  issethod s 1, ;

,t l . ;r ;i . ; ;, ‘,I t n t  t I t i . ; s e t t e R.  ‘[‘ Itt s ’ ’  t o t ’~5 i I , t  [ l e t s . ;  Po t ’  u -t aLc pepi s t a t  io n

1 - s t  1 Lies S i t ’ , ’ ,1 ’ v ’ L e a , ’,l , :o t h o ; ; - ’,I by a d~~r n t t . c . s b o t i  os  I s ’  is : i  t i o i t  t ’ t ’~ h i —

b l l tt . i eo . N e x t , phot on  e e s i t i t . i s s g  mt - t h o U ; -- i re  d l r , s s i ; . ; - ’ l .  f i s n o  I t y ,  s in

.‘s t i : r s i to l’s ss;,aj o of t i e -  t 1 ; i c t ’~’;;c, -t i c t ’ ~~~~ li  S i l t - i  0 n i t  I s~ sat e  I s . ;

. 1 S t ’ i’XS OC 1.4 d .

II. ;  t1 ’ ‘ ; ‘ i i t t  05 1 5

[‘s ~t t ’ t e t ’ m t f l i -  the ~~ Lt- at  which oti ~ r~ y ‘ :; t i ’ sl ss ’l’r ’ ,I b- ’ t ’ w ,~~- ts  ‘IS .  s ’ -~~

1. ’ .; o P st ~~~ ;j ’ . ’ci. es , it  1.; i l s ; o t ’ l ] .  t o  L I O V L ’t 0 t t  1 I w o — t i I e , I ’ L .  ‘st e P

. t  is - sod Ti, . ; ‘shown in 1’l. -, •

Exci ted
— U

B 13 A
ti l l  i l l S 11155

I ‘01 1 11.1 —_____ — In

• . l’w o — l  c-vol Mo ,h - L

i t t ’ ~-qu , i l i on IT es - I Iii . ; t ied ’ 1 1 , ; 1 hen ~I - vc  t o p ’ I  1, - s - s l v  I - I ’S

Nxe I t o  L ion  o:’ - molecule s - i  l I o n  as . l t s ; l b I ,- -. o r b \  I 1(0 1)  I i  ‘tas  l o t ’ ,

Ofl l i s t ’ :11 ~, ; l  - i i i  B co, ’ i f  te l ci i t , . T: h r .  i t n - t i’~~l i e  i I ,c tat  a w r i t  I en

0
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[5 I N 541 s~’ St I 1a [-he in t t  ‘I I ; ;  i i  y of  h i-  l i t ’ s ’  be tm un! N is t b -  ‘ round

i j’ it P c i  ic-n these  L [y  • I l l  :;L ’;ilar cnn : - : - : , e l l i S g’ co s t  Sw ’  t

1 - ’ c”l t i ’  e\t ’L ’ . - ’l s t.sch ’ t o  I s i t ’ “ r o s i s s . t  r ’ t L i t - t .L e e . i  di  i ;;’t1 t~~,td c: 1, - I c - s i .

‘ i to ~t t .  .i h i  cbs  H I , ;  cc - i n ’ . ; i,s - i’; i i  I ’’.’ - 1 1 ‘P , . ‘ - a ’ l i t  ‘ o x —- st ’ s ; i i

ci ;. -! - t i - ~- ‘s ’u 1.~ Id . o  i a; . I . ,‘li ’ ~~ 1 1 a- . ‘ i t t  I) ~~~~~~ - ‘s esd.

r~~L~m [ , ’ I l i i . ’ - a p. t t  c c i i

1” . :  P .- ‘ -

; l I ;’ _ 5 t !l :1 ‘ 5- s

‘,, l s ’ : ’~’ 
~, 

is t I n s  U~’ t ’ s t cS’ ;;c\  of sty L-v~- t  I

1’h~ sac -f l ’ s : ; ’~’s l r ;  i ’s: ; i r S - t O i l  of pito 5.o~;~ t i’efl [ I ;~’ ex e t  , ‘d . s L , ;  t e  ~~~~~~~

S I, [ I i . ’ s’s I t ’ :1 N Wt o’ s-e -\ is t h e  cii, ts r ;  I ci n -1 so ’  - 

~~~~ i~ ’ t i t  • Pet  I i  -. I es;a 1
sin U 15 55

b - s i - S  Li 5 2 ci: cccii i’ Sl S I a ~ ;i t o  .1 N N ;sbe ’s’c H is  cons1 - cc b~~’, . - i - . ’’. 1
Ii in s- si

S- IC ,‘t.o t s r s t , ; i i t .  If o t t i e  l’ ’s S ’’ ’tt l t ’c i t u ’  [‘1’~~~ ’I l t  as s . I  cents - i ~‘ I ; e  t o  .-H 1 1 t h  ‘ S i —

cml 2 ’ . s , s  I I ~at  i c - s i , I t l L  V i~. s 1 l  1k ’ ta PrOse ‘ ss  t~, ‘.1 I ‘i- ; i s i  - .1.11 t 1 & ’5 t 1  1 1 ‘s-a . - N Ni i  U

wh- ’s;o N ,~ 1:; t i e  I , - s ; s I L v  otT t he  ,n I - t t t . i o n a l  spec t~’r ; . d. ’l s -- ‘,‘ i l i , ; l , ’’ . . ’ i t ’ -

ret’ 5’ c5i ’il 1 . - .1 Lv tIe ’ I , ’ t n t  N . l i s t s  i’ ’ sac s ,ii , sc- lOt’ ci - 5 - - - : -
- -- n it n -

I ; see I s .11 ‘ t in ;  1 011 of p. c: ’LIc l o t ;  c-i~t I s i  ,lo l b s  ‘ ‘ 4 - - t - ‘ii  o l  c- l’s. ’rv , ’, , i , ’ii • ‘ i t t

tw 5: ’ ’ r ; m t  cm ‘sIc \ N , eta ’s’ ’ D~_ 1:; tl~ie ,1i~ ’fss . ~ ion  oc e i f  I c i  - s s t  ( [h - f  f :

1’ s i i i s ; , I t o ’  t_’, i t . .’ t u I l 5 a t - l~Clli f t ’~1’ 1- i lL ’ i ’X C I  I , . !  s t ; t  I t ’ s n r i y  be e s - I  I t

- I N . ’ I t -- i- T N - A N  — I ~ [ N  - P  N N - P  N N  - P  N~~~~~I~ P N  ~ i ’~~51 ’ 55111 ill 1)111 11 1151 Ii l i n t  II ill ni ii I i i i  ii ; - 
i i

Al ’ 1 - i ’ 1 0 -  1 o s  pit toe , the Pb t— s l. itt.! l i i i  sal I i ’Slll rS 01 th i . . ;  e p i t t  l e s s  a t ’~-

.‘ ‘ - t ’ ~~. II’ i ll Pl ’si ; i on t ots - ; ‘~1 t o  i’ , ’ s , n a i  t~ t , t h e  1.; 1 t~ ’ t’ci c ,t si be ‘cii - I

- - I • ‘ i’lt  1:’. 1501 1 1w’ sI i t t e s i  t o  b1- the i’,l a’ Pe t ’ N d , i t  ~~r i ’ s toll 5’ , ’ r ;  0 t’ ‘i i i t  o t a o

L o t  . S s ; s - s ~ ll , anti I h i  1 1 t ’tiil 0 fl lOt ’ t a w ’ l  osl  , wl  . It ’ I-hi ’ s~ 1 : s :  I I : ;
‘III

L 

:‘ima l.l , [s ~- si  N a i d  N 1 .1 tnt’ 0011: s I . .  n I : ;  • Ib i s  i pp° i - c  l t ” t ’  t h e  c s. ’
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froc: saturation . The collisional terms can then be represented by the

collaetive quenching term ~ N , where Q, is a conrn± .ast . The rate equa-

tion then reduces to

dN /dt = - ( A~~ ÷ Q) N ,, (7)

The solution to this equation is

N = N0 exp [- ( ~~~~ + Q) t] (P)

where is the excited state population density at the end of the laser

pulse , time t 0. The characteristic lifetime T Is given by

T ( A um + Q Y ’ (
~

)

If’ abc spontaneous emission dominates collisional quenching , then T is

the radiati ve lifetime .

If the quenching Q of Eq (9) is linearly dependent on the pressure , I -

then the equation can be s-critten in the form

T~~~~~~A~~~~+ q P (:0)

where q is the quenching eonstant and P is the pressure . A plot of tb’

Inverse of the lifetime versus the pressure will yield a straight line ,

such as is shomm in Fig. 3 (Ref 13:i69~). This line will yield q, and

extrapolation to zero pressure will yield the radiative lifetime .

it is also useful to examine the near saturation case when the in—

tensity of the laser is large . For this case N Is not a constant . It

will be assumed that th e additi onal sp eci es N
1 remains constant at a

fixed temperatur e and pressure . Since N ÷ N = N (a constant), the

F rate oqus Lion beco~c’s

H ’  

_ _ _  
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i- c’ :ourc (s -t e rons  ~

Fi~. .3. P~’eisroc ci of ~~~~~~~~ as a Func t ion  o .T Presser ‘ (R ~-t 13: 16L2 , )

dN / it = — A N — :: N ( N — N ) — H N N , ( l t )n:.r i t  cii i; n sri n ~

ThIs c s n  be r 4 x c i t t . ’ii as

d N / d t = — ( A  ÷ : ~ N + Z  N ) N  ~~H ( 1 )n urn sin ni 1 n nm ci

fhe solu tion to H it ; t ’d tLitiOfl is

y eXP (— vt )
N (t)=— —-

~~~~ (13)
c-xp ( —

~
- t ) — ( ~11111 N , - y )/ N0

where = A ÷ H N + ~i N • A dct ,u i i ed  examin at ion  of the c i s c  of- miii am nh
s;ctura tion ha~ been macto by fI ’ts ;sclor (Ref I. :- ‘~ 3~ — ’ t it3)

Both of these two—level models c5 , i f l  be i tned fo r  rt ’ool ’ : inco Piuos ’ ’s—

ct ’nee . However , when excitation 0CCU~~S it  one w~ vele:i,- ’: t h  m in i r. ’ ci l .i I I V i ”

emission is obnser v , ’ii at  another NOVI ’l i ’ils ’ t b , non —r t ’’son.”it s ot ’ t i t : i ’i’t ’:S, ’i’5ic~

12
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to  55:0 , 455  i ii  Y 5h - . :~ , s j  ~s 5 -. i ls  sa-”t l. c t , ,  , b t t ’,Pt:slc ti - t ’ i s t ’ , a ’ l ’ l . ; I c - : t s .
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1 :\ 5 1 N~~ H N , N

N is I i i . - t o  t o  s s: :s  t ’cs’ 01’ :“ .‘ I , ‘c:i I . a s , a ui 1:5 5 ‘cs ;.; l . i  u t  •
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Hg ( t  ‘-
~~ Is th en  ot ’ S t i e  Porss s

t (A ,1 + H N )  N , P ( t . )  (1~s t

f l ies , t In. ’ ,;ol;~t ioss  Is H~ ( 1 )  i,;

:~, (1. + H
11 . _ . --_ ~~~~~~ _ [c x1. [_ (A , - f :I

r
t H i t] - ~~ 

~~ 
(A 1+ . : ~

)

P~~~t i . t ’ ~~r-ci si  lb.: I- t h e  i ’cdt ;s l i v . ’ ~I ‘ c m v  s i . O S  lev.-1 ,
1 t o  ‘t~~\’4 -i  1 ds’st —

1 1 5 5  cc - Ib i s  ~s1 ‘Lac-icics ; , cm:id i’u n ’ th , s s  ic - 5 ’-w’;e i tb :’. I c c - t l ’L c - i c t n r-- ,Io ;.st ssa e t l i c

,t~ ; o ;- ’ .mi ,c t i on  of level 3, then A , , ~~ . ;N A , , ,  1.’. . k i, ( ia )  lO• ’co’ .-c -

: : N N ,
- L’\IS ( -A , . t~~ eX (- ‘ N t )

- . a o-; nst 0:i ,;1nc-wrn t b -  t ‘151. -si  ccl  T L i c ’L e i s a ’L  Je , s Li v. c tot s  ~;ui , -k ty  r ers i ‘ L i  I . ’,:

H , the P1’~c- c’ ’ , t r ~ 1;se ,o I n t . e s \ eJ ~ :‘.‘:si 1..’v cl . L 5 J ’ . s i’.i , 5 : 5 ’  - s : . ’ ss  1 c - 5’ I I s . ’

sc-l I ,i ;toss , ;i  t , ’ :s . ’ t , i ’- ’ j t i .’s ’ :‘: s I s .  if I t s ’ P l n O S, ’, h c’.’Shs ’ ’ 5- ~ l’,s.’~~v, ’P

lovel 3 cc - i,’v,’i H, then 1 1.1 (Hr ) lts lit ,’ ferns of lb s . ’ exross,’25l I n .L’.’.s~’

5-

An slA t c-tona l set  of i n s  t o  e c l i l .s  I i c - s i c -  a i m  be w r i t  t . ’si fos - t he  o c t ’ .’

whos’c ce ci .nt ’c - s i: c i  d ’ - s s t i v , i i . io t i  J , ’s ’ e s i t s  los levol . 3 n i t ’s .i I i  t ’ ;N ’m’esst

cc 1 i . i s s . iosa sl r at e  ,-p~
’i’ ‘5 to - A ’ . sct t v . i  Li on b e tw e en  i O V i ’i5 .1 mts3 1. Th~’

ra te  ‘eu~ctIons become

dN
3
/.it - N

3
N (. ‘ t )

~I N /.i t H N 1N — ~\ 1
N , 5 — Q, N . ( -“ )  -‘

dN
1
/dI \~ 1

N , F (
~. N~

Id
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I :i tb - as .‘.,1 s i s t I O f l s j , Q Is t h u  ,1;i~’n. ’hI us - :  cc -r ’ .sta si ’ . cc t;-s .’.’si i s-c l, ;  I :s’J H .

-
‘ I :s . t i to  t - ,1u ,~ t L o s s t s  Pot’ N , - ss,1 N ., yields Ii:.’ Ps t i c - w i  :5 , ” :

(i~~~ ÷ 
~~

) t ] - . x ; ’  ( - : :;  t )]

N
3 

N , c n n  ( — N I )

l; ’:~; Pci’ 5 1’.iot’’a ’ cS nc. ’ . ‘ ; ‘c. ’l level H mc  i -v t -i I , ~~ (2~~) “ - i v - ”o Ibi ,’ Porn ;

cc ’ 5:1 -

:~ sc-late:: t’rob.:c-i 1111 ’s

Ac- c - m n  be c:i’.’ti ft’c-;:s ’ktst (f), (17), ( ,0d~~, atn.1 ( - p ) ,  t i t . ~ s’lnot’  ‘ sc-en -c

‘1 esi oi’ ., ’s ,’v. ’J 51 1 11 - t~posi.i on t i n e  ssis ’:si’ e ‘ ‘a ’ ; so ’L- ’s : i I .  c- I n t l  i ,nlla’ c x c- i ’ . e I

isv ~1i ,n i .s,tes,’ p ’.iI.; ‘. b fs ’cv t a t  nil y so :  . -H , Ha ..  ‘s ’’y ,of ~h. ’ t ’a s c t . n g

I on :tn:s t St’s. I . . .  1 5 0  es - a ,y di :, , .-r. ’ - s - ’e of I be ’ - t, c - il • : I c- I;’. I-c as ; I 1:-i.:
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Sit I -I ~ .1 j  (H ’

“ I s ’ - n ’  H I . ;  I I t . - ‘n ’ s , ’I  t, o n ; .‘ P ci 5 ‘ it  -
~ a l’s:o t’l- . -0 n i : ’ I ‘ t ’  , sc - i - i . ’ lot s~- l b

. t ; r : n t .I s u j ’ . ”l 1,1’ 1 rH - t . a t ’y  I s i v , ’s I i  ‘ , . ‘ h i , ° s1:; , I t i c -re  ~I s ’ all m l  .~ s t s  I Lv n t i s —

:50 15” - , t .‘ ~‘0 1’.’ ’ a 5 t isn ~~ i. ’ 1, -s t  ‘:i.ls c i ’ I’ . .- :s  wi i c -t i  si n ;tti ;t I t : . ’ (s’ ,TL ’I : t n i , ’ i - i _ is

- - 
- c - ;  H .  1,; dy  - i t  ira a j O  f , ;, - s i , ’ s ’ ‘y  e 5 ’ : 1, : i-o b ’st  1 c ’n : , s U -‘ I ~0- ’ s A , i , ;  1. - I s  I

I t t , ’ - I I-c ‘ i 00 tnt I ‘t ’s ,i o t  H , ‘~ : U ’.’~ s I t s ’ c i’ i i I” I ‘s., :1. ‘i - - n ’. ‘ s i t  n t ’ I  c - i ’  o I is’

:n , t i ’ i i . l . o. TI:.’ 1, - us- - l I t  of ~-;.t s v.1 ‘ ‘w c-,l by I i , ’ ir ’o s oc ’t s t ’ o s :t :s 1. ° s’  I n ;  I st at . 1I .n 1 s t -

t h c ’ s t ,  - t iuis t ,i ’ ,’i’s; i ts  ‘5~ (- ‘ I , ’) ,  I i s ~’ ~‘t o ’t ’  y - ‘  it s ;ot ’ l ’ , m I  L; , ‘ . 3 x t O ’ ,t. ’s t  I ‘ s t .

A s n i r s I , . , - r I l ’ s i  U s i t  ot ’ Liii: ; ~- s sc ’ t ~ ’y I n ;  si n ;, ’- 1 t o , ‘x , ’i U. ’ i,to l , ’sii l. c ’, ; , I l s . - t ; s n r ’ n l ’ . ’t ’

‘ 
c ” f  t t t o l ’ ’ , t i i t , ’n ; in IN c t ’s, ’i 1 , 0  n; L s t t c  n s . I ’ t c ’t ’ c-nc -  l ,s :; , ’s ’  pu lc-, ’ I : ;  \ v . ’:i by
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~
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t ’; i , I - ’ s i  .u ;i i ’ .- s ;r;tis ’c oP H ..) ‘ i o n ’ s ’ ;  ‘ c - i ’  1 o s ’ , ’ , h-Iso i c - t n ’ S: t’ ‘ ‘ ,o s ’ _’cA ,. ’.: ox-

..‘ 11 ,: ss ’,i I I I’, - I T .  5 x . II ’ I ‘L of I A - ’  ‘to I . ‘ -.; ‘ s i  c . - ii ‘ r ‘ ‘ . 1 va ‘ c t - , , - i t , ~ -’

10 ‘ .
t tr ’,’t’,’, s o n , IT. 5 n-s 10 ‘tic t . o t s rs  w o u l d  I: , ’ ‘ “ : L s - f . , ’ I  itt t n t ol . n .t  s ‘1 . ’ ci ’ ~~~~

Tb ,: 1 ‘ s n ; , ; ;i s tcIs  t . ’ .:t s sc - n a t i c . ’ P l sto n :, ’ , ’- c . -t i - v - c -n b  ‘ Is . ;  . - s s ’ : : . s s : ’ s i l t .  caP ‘ I n . ’

a a r . ’ c i n n ’ ’ n . s  on  c -n .j  n ’ ’c-’_ -: ic-s i t ’ -i.y s i l t . ’. S i :.’ , - : - s I 1 s t . ” , - s n ’ r s s n -  ,s_ - c - i l  I

: 1- ’ iv . ’si by

fl - s’
’ 
/ ~

“

1 , ; t h e  t a l l - i  . u s t A t , - , t’ In the s . s  b l I i , s  o n ’ t i n . . - ‘ ‘s. ; , i s- i y 1. ; t i n , ’

I I :  ,n ,” ’  oP  t i n .  - i ..’ s t s n  I o S Iso ~i ,, n , - ’’ b e .  ‘:r 
~‘c- L i t .  i f s , ’ 1- r n ’, I i : , : ;  .i s ’ .s ‘ - of

.H , ’ . -:s nn : s , l  i n - ; ,  ~‘ - , ‘ I ,s :.s : ‘ n -~’ . ’r sh e  i n .  a ’ is ’ - c-si a - I s ,  F IS t : , ,  LI ;, ’ ‘ u s - I - i ’  o ’IT

h - I n c - I  5 tt ~’. O t t  I n ’ i t s . ’~ f i t . . ’ n:s , ’sic ,  ‘ so ’  “ n s o - ’  t s r  1 x id

.‘c, ;s ;Sus i n,-~ Airs _ I I A . ’ rno :s” .’I t”c::r. ac t - - I f  I c’ , ’ s ’ , s f i t ’ :‘ of I f s  - t i :  ‘I  ‘ ‘ t i n ;  to

i i i ’ ; ‘ fs ’ Lo sn n ; s 11.1 , :’ f .t. c - n ’ I c - n t ’  , L It ,- s s s s . n n a - s ’ c :  a l so  I. . .’ - ; , s  1 1 i so  “550  t c ” t u t I ‘c- n

55 , ’,’ i. I . x !d~~. H is . ’ 1s i s i n  t n t  .- n ’ 1 i  , - i  ‘n . ”, r ’, ’ s’ i f s .  t A o  , ‘: ‘ni I t i n A ‘

s t ’ .na ’’ l -- 1 0  s ’ . ; n ’ c - s ; s ;, ’ , Un ‘C’ ~ s n  Sf 1  5 , T N , ,  L I : , ’ l o l A .  t . n t ’ n l ’cs’

oP s ’i s o  I . ” .’ I. ’ . ’ f~~ ’ ’ ’ ’ , n c s ’ i  a s t i r : ” s t  L i i . ’ j’ n c - ’ I  , :o- s  I n : ,  , 1c- O s ’ I f s , ’ ‘l i , a t o . ; .  I I “ii s ’

Ail s .’ isa  ~ x 10’ . F bi ,  . 1 . . - ,’ I s:, ’ sn i . , - , -- c - s t y  , n ,’ , p1.’ t h e  A s ’,: ‘~0C “ n , ’, s I

t h e  1 c -n c r  : - - A n . - , n n 0  I s  iso 1, 1. P . - I t :tt c- 1 ra ott L i t ’ . ‘ ‘  I s of i~0 s n ’.’ • “l, t (

1 l , s - ‘  h o t  s I ‘ ‘c -r ot 1 05 ’ - . 5 ~ h” ’ . H f i i  . n  n a . t s i n i ’ ’ ’ t ’  L’ou s : , I  “ c - t i  ss n . s t ~

‘ 1 5 1 , : , ’ Lit , ’ no s:s ny be ,~ I l ; .  ‘a ~~~~~ 
1 l ’I ,  - Ic - .  nn ’, , ’: 5 . i c - i s ’  .“‘‘ , A s i a .  . ‘ , ~~. ‘;:i,.: h i , ’t s

c-l;o~ n t Lh , s t  h i s . .’ t t s i sr b, ’t ’  01 ’ :s v ,si ial” , - c. n i - i A :  j a - ,:s, ’u’ ..t t i n - . s s  I e , 5 s s to :‘n ,l

,a -a1 ,i b :‘ - f , , ’ - - . 1 Li i  i ’ ca t tc- , h i t , ,  i t ,; “ 5 ’ t i c - t i  - i ’ 5 1. t o s s . . I n v  5 ’ , r ’ ‘ n ’ s : ,
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III .  il ’t’.t lt aa i ’.s s s t

The o~s u ip r s c r i t uc-od Pci.’ sc-s i-s ‘tn . . ; ’c-r i rnon t  is d iv ide  I ts ’r ’,,o Li:’: fo l low—

it: ‘ ‘:~ t. . - ~c ”seo~ ( t )  ‘;s h i s  l l i n r ; c - ’. sL : - n : s , ( f )  ln ;sc-r , (3) c - c - t i c - n; , asa.i (~s)

, ; i -se t rc t sr tc - ,c -. 5 c-,~~’. of these cait. .’-zories wil], be dri ra unn :e’.I scp.,;’c- t -c - ly  . A

u n i o n s  -~r .iala of the ovcc:’il expc-ri~ncsnt -nU setup is shoots inn  I t1 5t.  8.

-dc -n ’- I t - s _ n - II, i : s t  $‘c- nt nc - a s

- , itho bo - -’rns .pbi of  the ~c-s hns issi lin , -; sync- tern is shown in Fl 5:. 9 ,u sc- , a

c-csncina ;’ic- i s  .- “I ven in i”I .’t.  10. l’hc- sample of NO .0 conn ~ac- from a , i1~tUL ~

i c - c -  Lu re t ut t l e  of lcss , ’:th 20 cm and, dias:scter 5 cm .  Fb ;c I’ ;b iss’: ‘ os: Lii . ’

nS nl c-y s t~:m is i/~ inch and i/f itnobi stainless steel ; Psiantelok f i t  u I t i ’ : t n

,s re used . V s_ lye 3, shown is-i ‘sal .; . 10 , is a Whi’Ley nec li,; valve ; all

cc-Ac ;.’ i’ai’,’cs sr -c- Nupro boll~~~s vn ’,i v..’o . The ‘t,ss c -n tcr n ;  a - ‘~insnns  na ntsn t ’ i .

Lao,; c-hn’o:n , In s_ h ole of 1 cm f t c - sc-s h e r .  i ’lnlc - a ss: .tpl ~- ‘t:nbc .1; 31 t’s’tt 201S T

t i si  has a d in s nns o t , ’r of 5 c-:a . A fluorcscenc.o port ‘,“ cm lois : l.o i c - c - n i  b.c -i

01 . 5 cm f::otnn c-his on 1 of Li;. ” tube ne,~ no.; U the d ye i s_ a ’ . ’ a ,  l’l:e en I i ’ , t ;c-c

window , c-x it  ;41t ,, luo , and Plu orc -anc~’n..’,’ ‘~i t s  low •are m ,t s i ..a of q u n s . ’i n: .

‘rhe sample t-ubc 1 .: at s_a c-pci i-ri I t s  I- ‘ ‘ i , ; ; -n  ‘n i t  ln , ’rt. I t n t  pc - lT~’’~ . s :inro ’l , e ho st—

j i’sc-; . An 1,t r su t . sj t ve  Lo x  !4~Q ,c-~tt isy 03 cm c - i n  be ;‘ .ln scod around t h e  s — ,- sssi n ’ l , ’

tube . l’i,i,; box ha’s th ’.s ,an c -  pos _ ’L:  for laser boom .‘nLry n crs d ex t  t stu d P luc—

r ,sc-,s,’n,sc viewing . Mi As.;. ‘i;i lsi y ‘t’c - .i st c I - n : , Inc . L~ - t i l l - ’: i- . Lu is’ .us i , ., , atI: 1 c -I ;

use’s an iron—con s L n s _ u L i i i , ’ S la ’r s ;so, ’o t ij d .e , is tsi v u t i ts  1. -si to S h e  ‘c-ox to nn ,as ;t  t o t -

the ‘temperature ; the tn,a x .t ::iui :t no , I I ns ’ ;  In ; IsI S cI.

The pt’ c ; nsan t t t ’ c -  wi Lb i n  the ’ :;.t s:A ’s .Ic ’ tube In : i n o s s i k . o i ’ . .i s t s ; ’ L t i . :  , ‘i t l so i ’  i t s

,5s;c- i tj c-r ;;; s:ner’ ou ry NcLeod ,- ‘~, ‘u - ; , ;  or n s _ C o u i t . t l n . . ’r : , ‘sc- ’ i - c- , lu te . No .t . ; t

Va; 000 thermocouple ~t :lfl -;s” , o ioN capable °i ’ 555 , - - s a t u n i  s i T  pl’ ,” samii’osa so ‘low
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t o  one miliitorr , one mi s_ iron. Since NO2 is a toxic, corrosive c-t ,aLcr ial ,

th e  sc-tn wi th in  tl~sc- c - , s_n: ns:-i .c tub- ,’ is remove-i by fr’.sc-sin’; 05c c- into a 20 cm

1-a’s: :, 6 ~n dic-,mct,”s_ ’ c-Ctc -i  bottle ss_ : hc-crnc - ,r ’r .i in a liquid ni t s_’os’crI (t ~~.)

2,s:; a’. The oys:~ st ’s Is i n n i 4 I c - l L y  p-sm~ c-sd oat  using a t- iclch ;:;ochanica l

;:-a:ta :- . Pa’c ;, ao’ .sr -s n -is low .5 One micron cr’s_ n then be sa’..,ci ;aJ u s it : -~s - : 1- ‘t iP —

L5i5~~ n. ” i” ’c-~P of i V,~..’cu ;-:cJ ‘1 NO- c- lea k detector . The ni ’c -n_ scur o J :n c-t

n-n cr to the leak d et e c t or  is :not:itored n c - in, ” an :sf . l iLic ’s ’.r s_ l Ace fi:i.c-o

nn ;cc -’c - s _ z ry I-icc-... ‘.1 ~~~~~

A -lclcctros ; DL200 ‘Pun s_ ole Dye L.c-c-’r is u~~c ’t :s .n exci tn ’, :.ion s-ounce

:551 2,3 pump -cd by a Molectron I I V 2POO Nitr c -son (N f )  Pus,:r ::ith

powe r of one megawatt at 3371 A.  The N ., las-us c - n  be pulsed at 5, 10 ,

15 , 20 , 15 ,  30 , ~O , or 50 pulses p . r second, w ith  a pulse width of 3 -to

10 nc-ce . Thi .; r i lso . ‘sc t -  nisin. ’c- the pulse s.’n s t e .;’.’ the 1ye laser , which
a’ 0

s n . bc - tusa  I over the  rr ’.sl c- -; 3s.00 :\ I c -  ~~1C’~) ~\ I”,’ the s-el-cc tics: oP vs ‘i-

c-Us ci.’ ’ in:.tc dyes. F.::sr dy - sc - sc-a ta; uoe.i duriss the c-Our s-c of the cx:’,’ , - i—

nient , s _ m d  i plot of their relative pulse cnor , ’:y versus wa\’eleast.i l  La ;

~ 1v-cn in ?I f . 11 . Ths:a ’u -h lIt,; use of a frcc1ues:cy .Iott ci,’:’ , the output
0

ran.prs ef the dye laser can be extended to .J0O ,~~. The output wavcl,’n1:th

is c - o l e _ s I ’.! by a diffract ion grating mounted in a dri ve mechanism ,

which can be controlled manually ocr by the Molectron DL-0LI-OA Scan Con-

trol . The scan control can automatically scan with rates of 1 A/ s l i t

to 1COO 
~~/ 

c-in.

TN, : ou t put power o r ’ the ic-sot ’ is moni tored using a Uni t ed  0” t , ’c Lot’

‘r, - - c}ss:o ’s_ c -:y I-:odel—8ox Op to-M otor .  This can measure po:~or down to 1 O ’

s s ss n s _ t t, , but the mini mum pulse width is 5 msec . Thus , with the use of a

r..sco;’d ,’r, th e Opto—Nc ’ter Is t i n s , ’,1 to mt’nt sure only rel,t hive chc -nc -es  in

- —  
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i’..’ ‘i,’ I’ . A c • lilc-’ I s ~c d  I is -s’s -n o 1..’ in s  avai l,  J’lc- fo r  soc -u s ’, s ,‘ po w. ‘s ’ inc —

P h ’  ‘c-si. t ‘n c - s n  en ’ t A -c e ” - I,’ s I c-o:s , :’c-ss ’ui I . ; is an i n o ’,;- i ,u’i’., ’s ; n , s S-i c-,~ Liy  t s r

As: , ;s ’ ’,- ’ n.ns no or ’ 5 s . :  is ic --~’ s I  ‘-A P . ‘ c-as t’s’ oss s I t s , ’ , j ,  ,~ isc-~’t ’  en s .  —

~~~ l ’ c - c - t - . :~, ~k - i i . ’ s ; d r io t  p..’l i i c -2~’ is ie~’. no 1 ,‘, :: l’rO,-: s ’ Jne  .s c - c n t s t t ’-,’ c -n d

s,c-~~~c-..,s; c -p - a’s ’ I -s ic t’,usn h o  ,s s s ,rd , 1 .i t . t s_- ui . .1  p..’ILl ic - lc  ‘ , c- c-an s_ s1 , , s _ \  ,

- s’ .s  ‘ n c - s  r i~~., .1 a ‘ •a’s cc:s n r n t . ’o 13  ,sns to  s _ t i c -  ‘ s e t  - c ,  or 1_ s, - n. j  of s I n , ’ P c - t o — I -’.; ’,

and t i _ s e  s_- ,- n t , - c - r ,’i  s ’o : -t i ouu dl:’, ’ -,- t c . I, ‘~c’ a n ’.IN .[tc--hc- lc,’. s t e _ I  n) cs-n n ; : , .

j ’ho a’ ‘ r : n ; ’ L . .’ t a : t ’ ,’ 1,_ s p c - c - i  I,l..’sned , n~ c-ri :‘s’e :’n r h o  .i’c’c- i nc - c - I ’. ‘P1: ,’ :‘J ,~~ _‘ -

- ‘.‘t i ’ t ’ Cc - _‘U:;e,I cc:; t .r’ Li i , ,” c ’: n t n ’ s -n i ce  n, ’ L I I .  of SI ’ ..’ r scc:ic - , :In ‘ c - t n  : I ci.’ 1’’

c - s n: h an , ’: 1’ ‘Ic-i s of fo,,’s’,l lc ’s’ . ‘- t i n  1, ’ .7 ’ cr - n , s;is i c-is Ic - 1cc-sn t , ’J , ,‘ ‘ - -‘5 c’:

Pi’c::s c -nc -  en~ r n s s c - . .’ sl i t c - sn , I  ‘ “ A  c-ni fr osts II : , ~ c~’ :s Ic - i ’  of the  s, sa n n’l  ‘ I s t A , ’ .

~h. ‘ - :sc- ’. n c - ,- :u’o’; i c - c r  is s_ ,j .n ’t.’t s - l l — - A , ’n i  I I , . i ’’ k V n i t t,.t’ — ” L ’S. , ’t ’ i’.t i ’ c n ’ I  t”-c -, s n s ;1s’, ’~

- c n n - .’:,, ‘ ‘5 ’ , n ;i ’, i , ’i ’, I s i s  . s_ r,~’ mm h’y ”, ” c- sn ’ - t i s s  - - c- f  i .i s ~P “00. ’; c- n ;

c - m u :  “I :..‘s’ 300-P A. TN..’ ..‘nt ss.s sn ,,’..’ c - lit is I snn n c - wi t , ’ , .r c -A t i n . .’ owl  I s ; l t t

Cc -  1 . S ~~ atI ’s c ’ .

~5 os _ sut ’d a t  t I , ,~ ex i t  c-nT IN , ” I - ; ossc - c IU’c n a s t o : ’  is c - u s  i -L: s i I n - ” ’ . L’c- °t 5 1r 0

P r - c :  ,‘::snii Li i ’ lL..- n: • r~_si~ h u n  a 13 st- s . ’:, ’ I l s n , ’. i : ’ dynode ,~i s. ; i s _ s  wi, 11; s-i t-i P -PP

“ 5  ‘005,’ c - V~’L’lI1,’T L it ..’ i’n t i n .50 ~OPP 1 to ~‘.0P A. The pis c - I e rnst i~ t i : ’ l  I c - - ’

i.’ :: at  f 0~ s_) volts,

Y,T , - , ‘t sscnU ’c-

S..-v , ’ n ’ s _ i  of I In ,:  , - ‘L ~..;t s.-e is Ic- ..sc .ssp.. an~’n I n  n I t’ ,’ s _ t c - c’,i Pc -n ’ h o t  ,_ s expen’  I n . -

sno t sc-h; sonic sire ti c-ed Ow,’ cost ‘Lv O u t ’ si..’ I I  ted . i ’ln..’ s’n i ss . .’ I, ‘s o t _ s  ct ’ .- s c - ni  c- 0::—

poi soul . cc - s i  be tori , - f ly  ,I..’ c-c i’i ta-f . i ’li..’ 0 s_’ S ,‘o Mod,, ’ 1 1’ 1 0~ N t t I a -c s- an I t s . s  S

.s _ c - I. tsn I,is. ~I —500 mV , s i . ’ :s s ;  I l’c-i.’ er ic -h  I n n a u t  ouls ’~’ whet s t I n ,  t i ’” , s t
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c- :so i i , s . ’ s’ i. ‘ :1 s n ~. ‘ n ’ , ;n l i i . ’s s I s s c- ;’. ’t ’  I -~t ‘s _ u t  S I : - ’ c - s m  - n ’ - - I  nod, ’ . ‘h i , n n - ‘

I :i , s ‘, - ‘ ‘ ‘  . ;. ‘s’ ’, - ‘ a -  I a -c - :‘:i s’,a -’ i I ‘ ‘ n - . . . l” i ‘n ’ S . ,  L I_ s ..’ S u s a - i t  I I  ~~~~~ I ’ !  : : ‘. a t , ’ S 1n A

c ’i;, :: n , ’, i _ s S c -  c - l i  s _ , t s s n n  S..’ 5_ se I so .  a S , ’ , ’, ’ t s , l  , i t - ic-’ n n , ~ as st s t .  n ’  ‘ “ S ens  L i t  s. a ss i a - , ’

, ‘, ‘ n : : : ’ m S  h a l .’ d I N  S i t , ’ c - S i n ’ s ’  c ’l , , ’ - ’~ s ’ e s i i , ’s; .

s_t s: . ’ c-u: s c - u  I c - i ’ I t s , ’ i i  c, ;,’ - ‘s _ n’:  S u _ s , u I c-c  I s  11. 5, “I t n t  1 I n i ‘ p u  S. ..‘ P ,s I ‘ - - a n

‘ c - t I c ’ c i i  n ; t  s’ c ’t , ’I i , - s ’ , :,t n i . .’ In  I , ; c - s n ’ s - s I  ..- ,l i u t  t I n , ’ si: - ’; 5 , - I  “c - I - - . N i t ’ l i t . , ’. n-

I -a - in.. ! s I n ’ .’ L . c n _ s c - t ’  c-u ‘ m a u l .  I s n  i s , — t s  ‘ i , s , l  c - n - ;  S i t . ’ l s , ~’’.: I .. ‘ I ~‘c - s st  s , . a —~ . 
- 
. It ’

I s , ’ I i n n . ’. a’ : 1,1 t o  s_ its _ I n - I  a’, ’ L~1tc - a’ n - i ’ ’  Si . ’ I i s a . - .1 , :; l ’s ,’ s ’ ci; I ‘si I s ’ m , i .  a ’ , ’ o :’ S i n , ’

. 15 - ma -  a’ i nns  5 1t:i I o n ’ ‘s i . - S u I i s . . ’ 1 1’ . ’ ‘ i . ’ S ~ ’ . ’: , P . :Sati ‘ .1 , 11 ,  n S ( ‘us s ems i t ’ ll I ‘ ‘ S I :  ‘ - n a

‘sO ‘ n i  a , s o t ’  , s s c - n , ’,! I o n ’ ‘c-v 1 . 1 , - ‘i . c- n t  , i s ,  - : s ~ i - ” 5 :51 5 , ’ , u :;, ‘,‘, ‘s t d 5 i t t . . ’, ’ s ’ ~- ,s 5 , ’

s ; t s_’e i ,~I ’ s , ‘“ . 11, ’ ’ .; i d .  i t  ..‘t ’ l i i , ’ s ’s - i ’ :  I t 5 5 ’ c ’ t ’ \ ’, t l  I a -  .1 - 5 , ’” i n t ’ l  I~;

I . ’ - ’  I n s  a - I ’ .1 ‘l. n v  l i s t - ’ . u I L , , ’In ’ ’.I Sc -  I ! _ s .~ - I i : - .’” :: i t : , i i . ’s ’;  Il _ s lat

i n : L ’ ” . u i .  n u t  , ; l son c s  t a t

‘5 1:.’ c -us  n ’ s :  5, . c C L I n , ’ ‘ I_ se t .‘ s- c - ; L I  1.1 ’ S S c ’ S ’  ic-n :s, , . ’,l , i, u s , ’ s t t ’si ~ ‘ , O ,~ , ;, - , ‘ot A

5 5 a- ‘ ‘ 5  :t i , s _sn t S e n ’ , n, n i  ,‘i i  I , :  ,‘s ’ . n ’ .: ‘A i t s  I I : , ’ t i s s ,- ’:, s s ‘. 1 :- sc , i ’ , Ni t ’ I c - p s i  S I i i  s ’,’s ; n _ s —

c 1 ,i c I t s  5 : :  .11 - :, ‘ ‘5 :5 S s s , i l ’ s ’ S . ; u s c ,’,! 10 ..‘ 1 1 m m  - ‘ s ss _ I ”  c- s i t il l  s ; I , ’ t i . i  1 ‘5 , ’ 1 s s c - .

cc- I - is n . a - C  SN , :  .11 s o t ’ S  m n  S i n. , ‘ c - is  I s ;  : t , : c, - , l 5 , ; Il ; - ’ 5 n 5 ’ s u  1 5 a- I s ’  .; - ‘ a - c -  I I i  sic, :

n - c - 1. . n i - i 5 5 5 - , - I - ‘N - : ‘~ tnt ;  I a - l i  1, ; o s ’, s’ -, S - - I ‘i t s  I 1 _ s~ ‘c - i I . - I s- i ’. I ,  . 1~I I t ’ C - i  I i t s . - ,

- s s i  I , i n N S - i s  in u s  unc u t  ‘ s i -  - .1 I’ m ’ 5 ’ !  c,’t s , l,\’ , ‘- ‘ ‘‘‘,. -
‘ . ‘ta ’s : ; I I n , ’ I ’ S  a ’, 5 I s ” , ’’. I

h i  I c, ’ t . ’ . s n t l ‘c-’ ’ ‘, n S i t S  a t -
. i sv  1” “i , ‘ s ’  t a -  s’ ‘ i a - S i  S n t :I I i : . ’ l i s t , ’, - . ’ ¶ c ’ s a l

c - I  a, ’ I c - s n ’ s ’ . ‘P h i , ; c i t ’ I ,  s ”  t ’c- x I , i t s .  , 1 1 c- v, t . ’~’ I ha- - ‘ S . : n ’ S  c ’ ’ i i i ,  - . c-,~ S o 5 : u S ’  - a -

v - t i  ‘ - ‘ 1  5 5 1  50’ 1. ) l S s , ~ I - n ‘ ‘ u ’ I’ utI ,; - ‘ • .1 .1 . ’ ¶ y c) ’ ,‘. ‘ h a - c ’.’ i” , i  5 . 1 5  ‘ , ‘ S N , ’ c - - S
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P

oP the pi i. :c- ‘ I u _ s L~’ s_ ’v n i  ‘,; i th I l s , :  n ’.i. ; ’.:~ ph o b o m u l t i  ‘I ic-i’ a-slate-at on - ’ t l: ,~

‘ L a - c - c - ,’ - , :. ,‘s ,s, ’ • T1_s,_s c-ut s_ sc - i l on.’ L I ’ . ’ s. ,:ots.i l i u : n ’:s i, c - c - n.u - tc - ‘ s _ un- i , ;t s’ ,- I c -h ot ’  I

S i n c - ,’ I n a t  ‘the i i :~n u t n  t o  oons itac-, #1

Ta-’ i m m : ; u s’ a- thn ’,t LI _ s . ’c -’-a- 1, : n _ s c-~Pc-_s “ills..- o n’ - - : c - l_ s i .n is . . - ~’ 1 uI , ’. ’ , S i n ’

nc - i - - s _soy -sn- 1. 01’ . ‘o nss , c - e c - ’  -n’, is ‘is- ‘i .  ‘15_s. ’ t si s . s s L a- cC  c-ui .;,’,: a ’ s ’ n ’ ..c - ’os s 1

;i S a t ’ S , L j  b _ s  t tm n c -  s s m s ; nc ,_ s c-c - t i _ s . ’ J , , c - : ’- ah’  s ’ u i , a - , ’ n ’ c ’ r ’ L i i i c u s  _sc- c - e .  Tat s’ ,:t ’ .i r ’y INc - s_ I

~~~~~~~ or_sc -  - ,‘ on t i _ s I i n - _ s re’,_sc .’i’::.i per i n ’ -nc -~’r ~n n n iat . . ’ , the Pn .’- ’ : : l i , : is , ’l’ s, , a -- i - ~’ o n ’ a-, - : n t ’ ’, —

, ‘~n’ :/ [ .L, ; ia -- .  ‘c-i . in .’ il _ so  cc -u s_ i t I , n - -:rc rs _ t . .’l’ h r  05 onc j oin’ i ,_ sse_ s~ I t n i n . ’, s : - - u —

L s ’ s_ t . I a - ’n : a - i. Ip,’ I’.LiL a-i’c - ’- a m a _ s  ‘Ii so -  ~I n i t  m N . ’ , ‘ s n S . ’ ’  n c - -a - ,’ ssi lt  of t l_ s ..~ m n n , s _ sc - . ’is:’o—

5 n ~ n I - 
-

To s ’s , ’a s _ n - ; t sn ’,’ m , h..’ iL’,’S . ,I .s :s , ’ Con ’ I - S _ s ,~ ‘ ‘ c - a t  satnpio , tIn  .1. ’i y box i .’ sot

So .1.’ n t . ; - ’,: • n’s,; inN co ’i ,’ n t , . ’ n ’ - ., i n ’ .’ n - n o n .  to th e c-o L i i  I a s . ” usc N. ’ . A c- L , ’r a : n ,”., ’ S

i n _s t a n -  c -n -’ of I, ss ’-c-r puin_sess , as~ i. ’L , ’ s’ , s , i . s , .’ S A’ i i i . ’ a’. ‘ .: c -n 01 ’ c, ’ O i i i t  ‘;‘

I l _ s . ’ c - n u n - s A c s ’  on - ’ : ‘IsuI , c - ;n ;c i i b i p . i h ’i’ c e s i s n l  :5 out  - _ s o n s : s t , ’: ’ tJ .i a t s ’ . ” ’ a - ” i  . The

a- ~, • s’S. ‘ ‘a ’ : i n.. ’ - - : , s _ 1,’ Is s S n o n ’ s ’ n t ]  5 , . ; 1_ se n t  n - at _ s ‘,‘ I n o  . s  ~1 v. nc-a - L I ’ . , :  155 a-. ’1’ a - n i  La- . - Nv

a - a’’::. ; i : ’ - , ‘ ,I - ‘ I . ‘ v c-C t }_ s ,~ A c-i, s y I’,” ’ . Ac- I i’s ..‘.~n ts s I ,  ‘n - ’ : ’ ’ ’ ’ ;S. ’.’. I , n_ s ‘I

a s _ f r - _ sr I !”  , s u _ s c:  u i s s : n n h . ’s’ c-I’ l. a - n :n nul ,;, ‘ , c - i ; ,’ i_s ; i s n : b - s ’ n _ s i ’ s ’ l_ s c - L e : n s i i  . 1 ’ S  ha

sc - c -n : . n , - on - .‘ s n n : S  ‘s’ ‘~i Is ; , s - : , s i i s  _ s ” ’ , ’c - s ’c - ,-- ,I • ‘ 1 ’ Ps ~‘c- ’c-~~’~ c-~’ ‘ i s ’, - , ’~n ..’, , h  ha Na ’s’

- c - s . ! - II oiLs_ i cm _ si sy :;, ‘ L l  l i t ’ s ;  c-i.’ S i _ s. .~’ ..t.’. l , .y  b ox .  The i c - c - t i l l  Li a, ’, , I n n 1- n I - ;

in.  s n I  I si hy . l c s s i , ’us icr _ s t c-n 1, 1_ s. ’ n J  Si , ’ ’  ‘c-, n , ’, ..Iec n v  nc - n  Sc  a ’ n-’ ,;l n c - n ; t s  by &~ ( ‘s~

The L I P S i ::ie can ic -’  ,l , ’I. ,- t ’n ni ia, ’,n by th e i c - a n t i -n ’ n _ s t’ c - a - c - i c -at um s ..’.n -ss ’ ’ - ’.I a

l i n a c - a s  I.~ n s _ n n . I  n. , . Foss - s _ u t  n’x s ’c ’n . ’s . l  c- i  .1 , , : .ny , I l _ s i n -- 11 , ’ - I - l i : ; , ’ is , ‘: i \a’ u a

Icy t .h, n’ cc-u .n I i o n s

I. , —

t - •
i. u s ( N

1/N , )

c - I _ s  u s..’ i’i~ S n _ s  I I ’ . . .’ u s ; n : : n i c - ’ r  - a - I ’ ot ’s i ;s S ,s u:s - ‘ ‘ s i ” ,’:! ni I S i : n ’  I , s _ s s . I  N , in- ; S _ s c - s m ; :

ts” a c -C count , ; :‘s ’ ’ - s , n n ; s ’ c ’ I u S  ¶ I t ’ ,’ t , . [‘St . . ’ ‘ crc -i’  in the V , i i U c ’ (‘5’ 1 ~~ 
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s-I_ scrc = ll’sc- ,a-ri’oi ’ ’I:i  the 1i f - n t t i ~e T

th at os_ sc - c - i: in the is _ sc - .n .;u s ’ s_ _ s: n ’,cn ’a  of

c- n- the . ‘_s’_ s’c_ sr u, the rs _ sc -a ’ssc -L’. n - s c - in  S o n ’ tV_s

n ’s , the ...- c - -rc-’n’ 1,: Sc - S_ s o rn ’.’s r c - ,u r ._ ssnen t of 5-5 I

t n -_ s c - ,n’ _s ’rc-_ sr in t i _ se  mc ,n - n ’ .u u’ortn _ sn’ t  of II .

S ‘ n c - nd :~xpc_ sri nmcniat.ii tho .L

s~o’.~ c-_si n-n second .._s ic-po ’s_ sIm.’s’. t :c-l n_s, thod , the a - c - sa l  _ ss: ‘s_ s t is os - s n ; ’.’,: I a-A c - a ;

a-hna ,-;n in Plc-; . 1c-~. The PIN diode is a_ s 5 - ’a- i s ’ .  used to a- ‘S.c -cl  l I _ s . .’ I c - n - . ’-

ac - late c- risc-i provide a ~‘efo rei_ scc sI~, n - s,l r ..’lan ’. ivc to lb. t i’c-il ” .. ’ . As i s n  ti _ s. :

firs t sin:’ bhod , neutral den_sc-i, lay lilt c-c-’s , s na - c- t ars al S cc n - c-a_s ’ ,‘ s _ s l  c-v . .- ‘ll~ c- s i t u ’ s

the PIN A N o d e .  The ou-L u t of li_ s. ’ i IN d i o I ’_ s  In ’ ’,s_ s ,c - .l c-S the ‘lu _ sp a t  P c - n ’

c _ s n _s. ’ ,j.i , a t c ’ ’ I ;‘..i, s s: n - to’.’, ;; l_sj ..s j_ s  is ope ra L ’ ,sd in I n S _ sc _ s  t s p  ‘ n L c d  n_ sod5 ’ . Ost ,’ on - s Ls ’t ;t ,

on ,’ Ii ’s, ’ Si:ncc-’in’si:_sator i-at used, to rn _ sc - v hS.’ t i_ s ..: Stc - ’a -i,- l  a- “ ‘ - i ”. fe- ’ Si _ s ,~ S

to ac-s,La c 5~’,~c- n ’11~t convertor (T.PHC) . The a ;j - ’: s _ s :nJ , firs t c _ s c - ,’’.  ta-c ,_ s ss ’ lina ’ of

I n t o  .lca-iay box , and the c_ sc - u I c - a - s it of the ic - la - s_ c - ,’ l’. ’x .’so .-s to tI ’., SL: s ‘5 is a- il-

of th e TSS1 C . The delay box ca t_ s  then No uc-c .I ‘to s’ ns s -y  c - A _ so ,N L s ’r’.. : 1- -n .  1.

rc _ s l , s_ t ivn ’  to the laser ~‘uisc . dii  ~ 1.11 Lion -u i  ou tput  c - c -’ Us- ’ 1 , ;. ‘‘ - i :’n ,I fl ,i ‘‘i_s

is us.s’l to provide a t _ s _ sL s ’ s,’ ;. .:r c-i nc - s _ s a c - i  S’s_c-: the pulse 5 c - . ’ ts - ’ m’:s tor . Th ,’ “_ s ; i,-

a c - s. to 5’ th en Irovid. .’n-a a i’s” c- i n s . - ;  n_ sI ‘fl. - 1 I ’,’_s’ :s_ n-’a’ . ’O t t  I disc- ,s s Uns I t n t - ’ r

The n ” n t r ’uL  of the pho Lomul-Liplior i n _ s  t i n _ s . d  , .m _ s t Im : ’  i t _ s i ’ s _ i l -  to l i i - ’ a-c - ,’ —

e nd [ i_ s c  t . - i s t ’u i n n s _ l  at , ’, which is :  c-p s’ s U - - I ‘i n  th e jp _ s N . J  :ssc’ , I ’ n - s , O nn  ‘ c - n t I ‘ni l ,  ‘1 ’

tn-h e dl. n c-s_ ’iiuiin.ator ni_ s s_ i n ; e m I c - s _ s t the S - ; :  i i i  t-o a I i i ’ s . ’:s s’ _ s r . _ s I . . ’ n i t _ s . . !  ‘s i c - a - S  a - I s ,  a’,

which is; op. ’r :s _ L- ’-J in the n it, : n - 5 . — - 1  s mn od - , ’. The csu t :~ i 5  cc -’ s i t S  at S i s : . ’. n a s ’ s u S . . ’

- - -—-a -  - -
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, n , s i d S t!’.._ s Ioh, ’~’ th- - u _ s - ‘;c’.’a- to a c - u ’ m n s t e r .  This oc -c- :sto~ Is u ,; -, .J to S - c -

the st c - trs n a’..’ a’ of st i c - -c-snail t i :’l iassa- cc -us ’s I.n-s c r  l’ s’ - s_’ a n - _ s l a t -, ’ sO ,i”l; cone ic - a s_- .in i’:

1c -_ s.’ • c-nj li:’c-; in s c- .c -rs _ ’,,I . A n o t h er  o u t s _ s t a t  of the secon-j c-li sc - rc - : . s _ a - s ”c t a t r  1.s

‘c-se-i to a ’ro vi .Jc- S - ‘n c c - i -  t n n n - i s  fe c’ m t _ s e  TS’ -i-C . Ti’ - ’ c-i -s_ sa l :‘is’ ..; c- . -c, ‘s to

that - ‘.coc-nd 11:_se of the d.. :ll-s.y box nc-n I l i _ s. .’ on - nt -a c - s t of lb..’ J-, ’ N n n - 5 ’ [xc--: - c -mo o:

c-c c -h ’s  Stop inc -ni S. ‘at:’ 1.5_s a- ‘OPI- IC . T in , ’ .i.c-’ic-v c-ox cc-n INc - s_ s be :sn - ’- . .  ‘I to c-” _ss.’y

tI _ s ..~ Stop c-ic-~s_ sal reTt’s _ ti_ s-o to  the ic-c-.-r ps:l:e. The o’. tt ~’n;t c-f the AflIC is

_ slat s -A c - n - _s ‘INc I n _ spsi t  of Lh -,s Pc-i iici:, ’ n_ sa ._ sl analyusc-r ( i a - CA) .

To sne.nsur-a- , h ..s ;‘l. ,os’osoc-t :ce 11Cc-Line  of the s;~. s atc - sc -~_ s-lle , o n _ se of the

[h a--a- t’asi ’s-n--s of ti_ s .c F., ’:iC ic- n - rso i -,’nns ’t -:J . TI_se gate interval ,1.’t .c-r ”m is_ sc -d by

In c - s- -nc - a U_ s oc the s ’:,s.t iis . ’s s.s_ - ’c-n i i ron_s the pulse , - ‘ ouic - ’ .’c -_ stor cat  c - I _ s c - s _ s n - n-c  to

. ‘~t 1cr -s_ s t the rnns k ’c - .’ s_s. .n l- ’c l~_sd, on the ITISC . The start of tc - im~~~. ’:a-te i n _ s I . .’s’ —

v_ s i  is set by cl _ snn ik ’s ius. ’A the ha ir y in the ps_ tic-c .m ’ ’s:or:ntc’ss rc -lat iv ,’ to t I _ s.

ll . u a - .’r pulse. The start  of Ih .a- c- s n ’. S. c_ s ini t e_ s’v.’ci can be sot  a t a b i su , ’ aft , ’:,’

,_ s , s n n - t t er i i ;  on_ soc -ira ;; 1.5_ sc - ;, t i _ s en - so nina , - s_st _sd 1A ‘cc Lon n ul  I-i 1~li .  ‘a-’ s;i.” s i ’ sn s i s  o :c - :t be

OI lS_ s in_ sc - ’ ta -A ; n i ’, -,’ s_ s mon _ s a - si _ s _ si nm ’ s a’. n - — oi _ sn s _ n s ,’- ’ f l uor - -ato o :n cs o.  ‘NJ 15, l i o n  1’.,_s’ , I ”  I N _ s

s t _ s c-: ci.’ L i_ sc - ~‘a’Le LnLer ~il is s:. -L  to ON sis _ sa - c ,’ t f I n -  s’ uN.’ S t _ s n a r l  ,_s i n s . . l  to

Il _ se  ‘i’IICI , Ii ’s..’ .1L~ nc-cc dc c- : Lit_ sons of the TI c - S C can be a_ sc -n ’i .So .I . Sisn oc -  Si _ s . .’

,iol ,_ sn -’ is ’s the a—ui — s a- . ‘ s ,_ s: _ s..sr c-_s ’tor is set by c-i. v ,_ss.’n ier n: osn S.c-at 1, t’o f .’i. s;e..S a-i —

ju . ;t c -ne s t t - s  to the start c-’ ‘ti_se c-pc te i t s  c - c u - v  s L  can be ; : i ntni ,_ s by cl_ sc - a, , ing I l_ sc ’

,i..-i ny ci ,’ ‘the S tart and S t o p  a-- ia -pta ” is.  Pc-n ’ ..‘xc - . r _ sp l l o, c-_sn . t , i , l i  t ion of 5 n sms ’,’c

to 1,1_ sc d, ’i , sy at  of bo th the Start and the Sto p n -_ si _ sc - u _ s c - s _ i s  is  the  n -_ s - i t :c - ’ as

n :in -mi s_ s ,Iiu i ‘s the c - U n r I  of the ,‘ c - ni lc m t ’ s _ s y n c - i ~ un -_sc-c ..‘arli.’i : t ’..’l a i ’ t i v . .’ to  the

i n s _ a t ”  a’ s s _ u _ s c ’ .

Sit_ see n- I_ se full m n  t i n - c - c - output of ti_ sc [‘ ‘ 55 1,_s 10 volts ; , ti _ so i n~a-ut

i.’au’_s ’ps of th e lISA is se - la to 10 vol In ;. Prior to .1:’ 1_ s ’s S - i nS  - n -  :, the sr ...’r.ss _ ’i’y

chann els o f the MCA are , ‘nrn ’s _ n ; e ,! . TN..-’ M CA ‘n - a t  t i _ scs i  s- se t  to , u o c s u r s t u l : u  I , ’ I ’S IC

14-0
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c-I c - n . m . ;  until OflOU ~ i_ s data is stored is’s the ci _ st ’ ss ie ] c -  to produce a c- t a —

tisti~ ,n l curve . After data _ s _ sce u n: u 1:s_ Ii~ :n , ta _ se  data in the NCA can be

viewed o s_ s the is_ sLc. 15mr_ sl oscilloscope or P a ’i a lt o .-l on paper tape . Si nce

each memory channel corresponds to a pc ir: L in c- ’i:ns c relati ve to ‘ I n c  ic-n, : - ’.’

puison , II_ s .s l i f e t ime of t in - c -  ..‘x c - ’o _ s_ so s_ s t ia i  car :’-’ c ._sn be calculat ed u siss, ’s

Eq HO).
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V • R s _ s n _ s ; u i  tn -_ s a s _ sc - c - I Dis c-c-is.’ [(“ ‘s

‘c--c- 1-h .-x ~” n’i :- ,csit . ,s _ J . m.’ ~i_ s a- , in - ; to n ’ . , c n _ ssn _ srs~ f in _ s o a’, :sc-..’sn , ’C lifet la ’_s,’n-o at ’:’ .’

I . . .  1-c d .1 a l i t ’: [N I , , :- t h - ’.: iat .. f f 0 - c , auid man ly : ‘c - a - i ” lo”  - ,n- ‘i’o ..‘ i i n n i t s a a S . , ’, .

‘ie i_ soc - ’,sl i- ,a- n - m n s _ n l t s  cca ,ss:c-s , . Lo [‘c t-h .‘xp.c - ’i : :c - - : _ ss ,i p n , a - tho  I s _ s c _ s. ’.’ pros.’ u _ s t .  A in

I t n i c -  o i s n s _~’ c - c _ s s _ ’, Col , ioi;u..i by a .I i : - nsc - u a t a -’c - on of c-l_ s~’ i.’..’n - ; t , J  ba t  for , n~~’k _ s exp . ’c-i—

n _ s e n _ s I c - i  method .

c_ s_ sI Ross _ u. ta t

Ti_ se dye Pa’s_c-cr ausi N , ic-n-’ .”: ope ra te sam is t’a - . . c t c - ’c-’ni .y . Four ~c- - ”c---—

hc,I , Ic -o .I + Cc-In” , Coumarin . -~9” , and Cou t_ sas_rl n l4~ ~ — ‘~-n , ,a-’o ~uc-cd . 1 c c - n ’1”. LI_ s..’

n- ’O _ s5 ’ a t c t  on ’ the exp ’n: ’insc -n t as_sd eovoi.’od app: ’atxin:.s S ‘ly the s_sc- u _sc-pc-at o ” wave —

i~_ su _ s ” : t l _ s n - _ s  c - s c - shown in Pi n - n - . 11 • The oul  put por n - o n - ’  of S i ’ s ,’ dyos in - n i - _ s  b c-a-. L i_ s i i

tI _ sc - _ st s~’c-o~n ‘1, -A c - s _ s  the ty..- ‘i . n - nn n c - r  n s a - i n S . .  For ..‘~.‘ :‘s~’s ,’, t i _ sc ’ ons t.~”. t I  1’c ’ c- - ’n -’

cc -P  Sc-mi: :: . c -u, a 4 n - C ;n- rn _s 1 .3 n_ s ;c -n -t t ,n - :_ se ti sc -i , n - ;o.I at In) ~‘c- s~. c - Cnn _ s ~.‘5_s c- -c a- ..’ t r . c -  c_ s S

c-n-~~p ’ . A ;  cc-s I n ’  U pc -nn - ..’s_s on ti _ s. . :  o -~~.’” of ~ :_ s ’. a c - I t wa ’s exn - ’,’nsted . T Ine a lP  Il _ s

of I,~s . ” s_ I c [ m a - c - i . ’  s’s _ s i, a t .  sn- n a; 1 L c - 5  tha i_ s 10 i_ sn - s ,’c , c - t cs si_ sown 1st ti_ s .’ _s~5t c  I Oc -’ s5 ’- 5  c - A _ s

of : be PEN . .IieJ,- at i ,~ t ’a- l ( ‘ 1._ s .  I

Ti_ s .’ s ;c- s un a - c -n I t - c l, which [ - _ ss c - ’s _ sz ;  the _ s’sc - ’. c - t inc - -: wi thin the 5yo i , s_ n - n .’:’ ‘to

S. I l _ sc ’ O’ - n . ; ’n u t  in - au v o l u - s _ sn- ’: t i_ s , sn-as v ..’ m y i’c ’L ’ia ibic ’ in at n ’ n : I t _ s [ s n n ’l at ..‘o -, . ;tc - i ’s t

n” ‘ ..m -.’ ,ls . , ‘n- _ s [ 5  - ~- t n ’.at ti000c-a’,t s’\ ’ ol s.. - s i  a l’n - _ sat i’n L io n u si.. ’:_s c-sur ’n n o ~t tat _ sn - ,’c-c I n n  Inc - u :

aS _ s _ sor~’t 1c- i u:’ ’ n n - ” ’,_ s ’ot ’n e u n t  t ’or 30 t o _ s - a ’  of NO , in - _ s sh or n - u i  in I~i ‘ s .

- l i . .’: ‘ N a ’ ‘~.iat ato.i: ’-_ so.. i c -c -a -u , ’  t-I_s ..~ w , s v c ’lc u _ s c -’:tll _s’ c u~ ’sc- “, ‘AO A to ‘~O~’~ 
A. ‘ i l _ s I n

‘n- -t at in- u~ t aN.. t i  v s o .u i r i t c - . t . l _ s , a - , l . .’ l , m n - ; a - i ’  , ‘\‘ , ‘u ’ a t ’ sa’qti. ’sscV 5 ’ t i i n- ’. ..’

, t : _s.l _s’c” . ’ S ’s i 1st  - L i _ s s~ i n _ s s ; ” _ s ’ t n  c ’ - I ty ,t ft ..’ a’ p.s ssat i s ’  - c - 1_ sr . ._ s n s - _ s I _ s  t: t . .  empty n - n u t t s ’ i , ’

I i t _ s . ’; t i n ”  ,:..‘ s i t  ;n - , ,; l _ s.. ’t i s ’.’~ co . ,t , ’ I wi-t N 110 , In t i _ s o  n-_ s~_ sunp le c. 1 • The - ‘
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C sat , ’,’ P t I. ~~~

Fi c - . 1 .. ~‘l~J Pl c -A. .’ Si . :usc - 1

pea ’s _ a - A l e  var l an t iou _ s  i t _ s I t _ s . ’ outpu t I s u t  ,‘na-I i~ c-f [he Pc- , s-; ‘r t ’ a - nn s _ s  ‘s _ s n  dc -t o t o

an [ n i L . ’ ‘1 0 a’..’fl. ’..’ c-U cot wi t h I s _ s  I S _ s . .’ dv..’ i . nn ; . ’c- c c c - ;,; S ‘t’lv the c - i t s  
~~ 

a

N ‘c ,tu ,n e , s _ t _ s  eLi ton sn - c- ia - , t ic I : i c - c c - . . I  in t i _ s . .’ ..13’c’ ], nsss c ’ t , I I in- . n , u:c - I po a_ s ; I’ So to

c - U- t a r  Sly ‘is :, i i  c- [ i c - c - i  . m c - ; . .’c-’p U ’s_ o t t  [~i n n , N _ s . A neu l rn r I dc t n s i  .~~~ 
_s ’’n l n c r  c-’1. n~’ ’  I

li_ s i.’ c-..’ t t t .  c-s f  th e dy.. - t a ns ‘a’ Inc-c’s , c ’ s - I n  Cl .1 t J _s: _ s n_ sa- l s_ c-c-ns t .ioui o:’ t l ’s..~ c-_ sa n-’. n - n a - i —

pie -; , usc-  ~ Us Nl u _ sn- ’: ~‘‘L- c-c..’

P. .“ s_~; har _ sAlir _ sn - ’ s s- y ’, t , ’sn tn- ,;at c - . t t . n - n - .”, ic ,’t_ sy in , 1 ,_ s~ . c - c - ’ : ’ c : s n  , s n  A cv c - c’ s _ c - i l —  
- 

-

ian- ’: NO , to and 1’_ s ’..’:rs the n-_s _si p 1 
~ tube . l’L’, ’ s_ss _ sc-S s-en- ; Cc -’s__ s_si I u :it.at_ s ’:- t a t  c- s_ _s t o n - n ’

_ s - n’_s,’e maintained in I-he c - i n t l..’ t .n u [~. ’ ; h on -n -..’v, ’s_ ’ , di f fi ,cu_ s i t.y in - ,c - c -’ s ~‘s: ..’o; ssi I - - n a - A

in _ s - _ s  n ’~’nn’ ,s _ l  c- by in. ‘.1 c- ;il “[ uk’s th en_ s c 5’ !‘,‘, s ;t i  i’ ’at • A No L,ec ’,I n ’ s - s  i t ’ s , ’ un -,_ s c-_s su s. ’d :‘o;’

accura Ic ~ c’, , ’.. n u,  c-c- inc _ s c - ’ s_ si i_s~ ’i 1t ’i La- , [‘itt, ,,c-c-l Ia s_ ’t Wi LI _ s the  NO .. c o t _ s t  : ‘ii c-c-s I ,ni

the m - ’c’cus’y of lb..’ 5c-; , i tu . ’:c . A LI I s _ a ’  cont ,’c c - u m t, o I  sun - ; , ’ , LI is,; is’ . , ’ ’ _s’c - .s n- n- [ I S ;  t h e

use of U_ s. .’ ‘n u n - u n- ’:.’, ,_ s nd the mercury l_ sa -~I o he ropi  n c - e e l .

The out pu t  n- ;inc-fl,uj c-_s of .. ‘.n - oh c-i’ the pi c-c-.~ ; 0 t ’ c - i c - c t  _s ’ou :L v ’.’. _ s : . ’ c-c ‘5 . , ’ ,’ A

on the c- c- c l  Lio ,;cope . WI. s i _ s  t .hta ’e ..‘Xcn ’5’ Li s_c -t _ sc -~ all of tht .’ a- i,’..’ I r ..c - u _ s l  cat
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..‘~‘. ‘:~. c I  . 1  c- st  1a - :’ c - c I o : ’ [  IC . 1 t _ s e  t I m e  t o  i”~~~a . . ’ n ; . - I  i _ s I  c - c - n v .  :‘‘. e_ s ’ I t o t  ‘snt

ou t  s_ a , . ’. . i:- . n::: : ‘. a t I . t  c, , ”, ’ of IC c - - a - i  m a t .  Pc-i ’ U ’ s _ s  - -,‘ s _ s c - . - .’ s; ,’. s l - ’~ U’ ..’ C - -A

c- n t  ‘ m s _ s  sc - s _ n ~~~ 1 v c i I _ _s . 11~’’.;, . - a ’ , .s p l . .’ I c’s ’ a t - u ,  p - u :  c - a t  - I . c - . .’ ‘‘a- S n _ s  t I s:n s_ ’ -, cm

I i ; . ’ ; ’ , a n - . , . I  : i _ s~’ .j , - _ s  I~ ’ - ,‘c sn I 1’ ‘ i _ s n ; c , i  c - c ’  n ’s .. ’ . . - m u s ’ ..’ - - ‘ c- , ‘ n t 1’ ,~- . ‘5 n n- - c - I

A - -v - 5 , ,’ ’  - I .m s ’s_ sn ’ H c:: , t n s : ’c- n ’ s - I ’ . ’  ,‘c’ n - -  a’ c ’s’ t i n ,  - -x ’c’ - s ’ [ ” m  - :1 ; 5’, _s n - ..’_ ssIS _ P s_ s e t

s - - , ’m :” a -- , L m A c -  A . n r c -  i - n - ‘c - ’ - “ ‘  c- c _ s I t _ s  ,‘:‘,. ‘ a : i c - ’ s  • ‘c - _ s .‘ ‘, .‘..‘ t ‘‘..‘sn 1lat  .-i. - . - n i _ s  

_ s :  I’ ‘ ‘c - - n ’  - 
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- ‘ 5 - ’ ” [ . n s _ s I : c - n : n :  l u _ s  P 1 _ s .  I ,’. -[ I l  ,::-t ,”.:’tc -; I -a-’ ‘l a - a - n t ’ ,  ‘ :5cc ’

- cc-’ t: ; S s_s c-I s c - i  :;:‘s’ sn - , S~. ’..~ m u n na --’ ,,’,’..’n - nn _ s , ’ .u ’ a a’, , a - i  [“U ’ i..’.’,t I i , ’ : _ s I a~

0 , 5 , 1  j ’: ’ - i’:e c - c - sc -  r c - n _ s ’ s  I 5 i : ’ i U -c ’ I n c - i ’.’. I~S ;, S. c -n a - n .  “ c - c - n _ s  .~, ~a - , s n d 
‘c -c -

S , ,
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of t s n c  ‘x:’ ..’.r ,’ i r _ sc :_ s t ;~,c-at .n - 1.11 c - i c - u n  s_ i s a t _ s m  I..si’i~_ s _ s’ f_ sn’ at :. . tn _ so - ; u s t r n s _ : _ s o nn  - c - s _ s I c s-mi t

floc-’’sa ; of n -h .,’ l :,,;c- :.I s _ l iV e  box c-n .u :’ _ s_ s’,” n - s : ’ c - S : .- ~he . ‘aat:~’ ie t a -b ,’.. Cos :n _ s i . i ec - ’ ’s[’i’ ’

, i . s _ t ’ s _  sn-c-s_s tak en 01’ Li _ s1 ._ s s _ s . _ s , s _ t .t ,n- c - i s _ s  _s , n c - i _ s i c - s i  i:’u it i  ic-,’ a-c-_sc-n’ - . 0’s n - s_ s t ‘s -n _ s [no

a- f l ’s .  ‘ n _ s  s-a- - t r e e  ‘.1 c - m I s _ i  . :‘n c L . ; .;..sa 1 c_ s_ s’i :_ s.- ” c _ s n - c - -  c- ”.’l. i1: _ sm , S.c -n i U- ’ ::, S:cii :,

i t , , .’ .ir, U - aL’a’ c- I ’ t i - . ’ ts ’c - ’ sni , n t j v . _ s  oc -’s ir’l. c- cn_ s .c - a” .-l .‘ c._ s t ” ’.c : n l s , ” U:- ’ h:’~ so

IS _ s .c - c -  I - _ s o  la ’satec - ’ ‘ s u _ s _ s s _ , f l  
c c - ’ a - n - V c - L _ s  c c - I  s , i _ s a’0 c -’. , S’c t l s _ _ s  CL c c  

- Cc-’ cC t I_ s e  -a-nt nu n - c c -  , .c - :n-,c-

,‘c - S t  p a - c - m s .

Var ic -nuat c - i r s ,; : . : - c - s _ s. .’c-ce 15 c - c , ; at:’ N. ) , :, - ‘ - ‘c’. c- I  a - c -a”  ‘ .1 . ii.. c-n’ r n _ s  t r e e
C) ‘) C 0 C-

L’. ’ca - c - s ’ s a t .’ ‘. , c - _ s-c- o xc-c-_ s_ sl~:, ’ . l s _ c -  ~~ 1C A , 5’, ~ , -~~c - i  \ , ~-‘ : C  A , b~’ss8 A 1
0 0 3 3

.13 ~5 A , anna - i  I _ s hI’ -’ 4 A.  N c-’~- .” - ,;~’nc - r ’ sn _ s :o  f i Is _ t atr n_ s,;c-,’:i at ,’ at n’l ” Sn , j  A at_ sd ‘s4 Uc-u ~ A sc
—5

a s I a _ so o -mn _ sc - _ s i n _ s c - s _ I. i’i_sc . ;t_ s”.n_s t ’ s - c - oat t  ._s. .L ’n a-:’. ’ssco s_ sc ..’ n- i. c-’s satni :n-. n n - ;  o l_ se r ’a -cci a t  Lc- ’~’sr C ,~~

n-m ci 15: _s _ st l L ~ - ‘n ;  i_ sea -eve a’, Lu _ sI ’ sic-:sc S was still . ._ sn i l t c  ;c-’ ’a - I _ s

P l c - st_ Iniix~-. - - ’ i:’ _ ss_’rn L a - ’ l .  ‘-c - .~ t . ’ .  - .1

m ’tal s_ so U_ s eA 5- _ s n _sa - ,  ‘sea Lcd a- a mes _ s it I c C  001 in - Sc - a t _ sc - i  Li_sa t

sc- a l t  ‘ a - i c - , , ~‘u’ ‘n  Il_sc’ I a - a - . s ’ l  s t iv o  S-ox dat _ s I n s . .  t a- , i I-ho c- l ’s_ sca ’..~sc,~u _ s ,~c-~

Ic - a t ,-, ‘ . . s ’ , the s_ a-s _sc .: n n - ,; -c- .:lac ’ ‘ -‘s.. _si . c - i  Pea-sc-I to u_s~ ..’:’ s L o  a _ sc- i _ s  c - c I _ s i a ’.S. l_ s’ .

I io u _ s  c’s :r , ’ c-at  i n s - . -a t . ~ I cnn -nc -s “c -_ s- i Pl..~,I n-_ sc-” c - c _ s s r : t n _ s ’c t i n ’s_s I - i n. ,’ pl ’.c,’ L c - s : :n _ s l—

a- ‘ ‘u I c-~ :‘ e t  i:’ t o [c--s l in..’as c-’ c-_ s’s st -c -  and, s_ se t - t h _ s’ c ’c -n_s_ sl _ s .s . .Ii ,n ’c”,.’ln I. —

ri _ s_ s c- or. - cc n.a - c k - L I  - N . .- Nbc to _ s_ s _ s i :  i j ’ iS.. _ s_ s : _ s ’ iu ; . _ s t s _ s  _s , f,_ s .la - . ._s counts were _s,’c n - i s—

c- ‘ c-c--i l_ se y ..c - :i- 1 L I _ s _s c - u ,- .s_ c -u t  c c o n - _ s t _ s t _ s .  n - u s c - a -  r esulLd in sc - ti n c - r I  .. ‘s ic - in _ si ,icoa , .’

s_ sc ’c - sua ’ .._ sr t s_”_st , s t - A  us ia . -: the ‘s’I’ ’a - t - ‘ n- . - ” ’  c - ,I ::-, -:c -  [ : 1 c-s . ’ I ino , I , i t un -s a pen --si N I . .’

to n , ’ ._ stc -t sre a 13 ut s ’c ii 11’ t5 : : ,o  I’c-’ . t i _ s i c -  f _ s i n - _ sc’ do- ‘n c - y . .‘tI L tl ’n c - u :t _ s  I N S

not c - n measure of I’t U c ” S ’ ..’ - ’- u ’ ’ _ s c - ’ c ’ ,I , ’o ,sv , i t ’. nI c - s’ m c nis _ s - c-ar t .‘- i  I-hat t I _ s c  :n . ..’ I l _ s e c [

c r 55 _ s  be used to un. - , s _ c - n u r ’  ..S .’c -a n v I i n _ sc - s’ on the c”-I . ’u : c - I’ 10 u _ sn - ’ . c ’ c .

The I e u i _ s t h  c - u  i s_ so i _ I  t o. .’ , to u , ..’s,’ , n: :n n _ s .S ns Lt _ s  a ta  5.55 , 1 ~S i n c - _ s lv ant -s t_ s ’s0 -t’.c.

tnt _ si s_ s inc _ st I -bc -A . I”s n _ _i Si n - c - LI _ s ..’ c-_ so _ s s s _ s , t ,’,’n_ souit tim .’, t l_ s n~ .5. ‘u ,’li t_ s ’In sn- _ s  ~~O a - c”_s,’ 0I~ tI _ s..,

1. _ sn - a ss :  al lows__ sd c-i A s _ c - i ’. ’. n , ;, ’ ‘t a n -  I _ i _ s . ’ - ‘ ,., ‘ Icc - I  c-_s I - , - tc- :a-_ s ’~’nl ‘ a- t icc-n .1 ..‘ t _ s , _ s i  I y a ’.. 5. 1_ s.. ’.

_ _ _  _ _ _ _ _ _  _ _ _  - 

,,.~~~~~ .



‘ ‘ u n - I  n - A ’ • ‘ c ’I t  I i n c - c u ’ ‘it I n ; c -  . ‘ l’l _ su u s , I i i ,  - i n s : ;  , ‘u’ p” ' ’ c - i  - t ’  I _ s a u l ‘ cc ~~. ‘ tnt i I I  - c ’ ’ ‘ , - c u t  I
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VI . C ou tc ’  ua t L c ’_ sn’ n c - _ s i - S 1.~c- c n _ s s n- :c0 _ s~ ‘ l o r t a ,

Oos_sciu.:iouss

L~i c - ’ ius ; thia L in , m a t L a  ft ’oa ’t , 1, -re c:- . ’er ’t :” c - s _ s i n _ s i  t i n _ s i _ s o d .  ‘or ‘s ’ • , a ’ n r i : a ,

c - 1n- sor ,,’.-;o,.’n - t s _ c - , _ s  l i _ s
j 

‘t ,i , n n c-’c n-u . - ‘c- I _ snVc - a - .st. ’S~ 1, 1 .  Ba a_s .c-cl upon l i_ sic - ,  t a_ sc - Sc -, sc- - c - s i ,

cons_;Auati onn_s ‘Ic -_ sn-ti No ntis I c - u

S , Both ,‘x c - , ri :ns - ’s_ s L ,n - l  n a t  [ i s o i n ;  .rm , c -n i c - _ s  t i c - ,’ I to :nc ,_ s .‘su c ’ ’ .  :‘l c - n c  . ‘~:s. ’s_ ’’ n . ’..’

c- i c-_ s.. ,; ,_ss short  c-nc - S O  a - s o n - .

P . The second exp . .’sn”n nc - n c - i t t -nc - i  u_ s _ sn -_ s I-hoc-I cr c - n a_ sc - c - c urs _ sum - c - In , ’ s_ inc-ta in c-c- s_ sho ot -  -r

‘c’. ’_ s’ iod of ti c-_ so than the s_I n’s_s In ..‘ap~’s ’i” n c - u i ’. mc - ’S, 5111,_ s n  Nc-nc-I . Such mc- con -s i - I - _ s _ s  i S  i c c - i_s

c-say ho important if the t,,’nipe tat c Lure ci,’ pr - ’. a . ;ua ’ - ’ of tin - , ’ C an ’ ; sai,unp le 1, _s

a n  1

3, A at L’ i’- _ s n _ s u t,- ” c- un’ ~‘i:x s_ ’r,,’,- ;e,’r sc_ s c- sj p ’cn a l  would irn s ”s’ o_ s’e th~c- photon c - c - ’ c - _ s t _ s  S

ius ~ _ s ’ .s_te _ s n n . I  c- ’o,Iuso the at Ic -t I c- ; n - Io ns _ i  -crc-c a- of I-hi,-’. n s n c - i c n - n i , s _ l  ‘ 1 l I P  ‘i i : : ,

No c-a- s _ n_ s _sc  s_ s c -n-s iLl be c I . t ’ - n - ” m i ’ n ’.I for c - c - u s c - at  n_ sUs. ’,mc - I f ic - a n - ’r . . _ ss,n ’c - si n -,’c’ si- - sc - -’ 1 na - n c - n - l I  _s _s ’

is _s t_ s that . sXatOc - t  U ‘ci by c.. ] .ctui:s _ t ion s ~ _ s a t s _ c-I on I c - _ se :t tc- , ;o ‘~ t iesi  n - ’ c - . - .t ’ r ’i , ’ S ‘s _ s t .

LI, Isc-c-ufi’icieu_st Ant i , ,  a- a ss _ s ta lc - eu _ s to ‘I..’ t c -’rs:ainc- c - I _ s i c -- I _ s - L r _ sc- t _ ssi lo s _ sc -  n - , - a

‘. c - t va t I tVc - d for the _ sIL c - uc - n- ..’c -. _ s a - e u _ s c _ s , _ s ‘ec-s_v..’.ic - ’ u _ s n c - t l _ s , _ s  obse rved

R. sc -c -c-sisi. ‘nc-B ’, t i c s_ sn

Based upon the resul t-s o ’..’ this s t u d y , the £oi low it_ s, c - n’ c ’cs _ r c -sn n .c ’ n _ s ” .~n- S l o t s : ;

I . Thc vacuum nyc- t urn should be i s t tpro v. ’d to h_ s -t I ‘ u  o s _ _ s i u t  c - c l  t i_ s .~

a-i’ ‘ n c - c - a i r s_ of the ~a _ s s ; sample .

T S s” P’..’s_ ’a ; n _ suS ’c- of I t ic -  Ca.; n ; c - s _ t t t p i . .’ n_s i t s _ _ s i t  1. 1 hc l’s ‘ n c - S c - i  t ’~ ’cl i nc I c -k ’ , ’ a i c - s  ‘ u —

t ro n i  I us Ia _ s and of ni McL ooci - c - n w c- c ’ . Thin ’ woul d s_ - U siMs . i t , ’ the c-r otc -I - t a  , - : ‘

NO 2 con s  U :  mnit _ s ’sc -t ion of t i _ s n -’ morcury of I N , ’ Mn’ Loo t c-- i ll , c - c -’

50
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3. Because photornu lt i p lier ringing could not be elind r ’_ sc-t ,_ s- i, either

I-bc pi n -c :c-u it ip lis__ sr so ._ sk ’nn t c-hould be replaced or another photomu l-tlpli c-’

tube should be used .

LI- . l ’In _ sc - s_ s ,irt c- rs_s ’a-r_ st. ; n i_ so-o ld be t sc - n _ sr _ s of P lc -ore_ sc moe Il ifet l :_ sn ,~~ of PG2

.,c-t (Ic -BC-c -ren t t ;r..’:’ , nu r’~n-,. Ti_ se cc -i -_ sc of c _ s i l l _ s  i c - Sn _ s  Ofl _ s a - n - m n - _ s a - h i n :c- ’., _s - _s~m 1 I

then bc -_s deterrnin~n’d .

.5. A time to c - _ sum _ s- r n 5_ selg ht cor ,vertcr sui th a rn-in-a-I-’. l o ng_ sr  -c - h _ s _ sr _ s 500

n c -c -c -n should. be used for measurer_ sents of NO lil”c-t iun n - rna t .

6. The quenching effects of adc~~ticna l at ccies on NO2 ilfc-ti~ en;

should. c-ne investigated, since several species s-uould, be pro-s c-sit in c-c-n

c-’n - c ’tu ’-,l combustion flame .

7. A frequency doubler for the dye las- -c- ,_ sin -c-uLt he c - l_ s± -. 1’ c I in

order to look at other regions of the N0 , emission ~ p c-c t run _ s i  cc- that cnr. ,t c-.a-

c-ion spectnun of other c- c - c ._ s , ioc -. Howeve r , c-I , ,‘at the use of s dou}’J - ‘c-

reduces the intensity of the dye laser ‘cc _ sc - sn , the f ls s or c_ sen:n -_ scc -’ si ‘ r n - n c - I

of P0 , may be too weak to dot _ se t .

8. The strength of that fIuc’rc _ sces _ sc -nsc- c-i fs_ sal n ah os_ sl-J h -_ s lu _ s o _ s c  -s _ s d .

The use of an uncoated pellicle would increase the intensi ly of the

I -.~ c-r beam going through the n:~~nN ie tube . The Ll”, _ so of the 2i ,lu c-r ’,_ s- n’c’s- ,- ,_s

r n f to ra , which is parallel to the laser beam , can be rotate - i to f i l l  ti_ s _s

c n a -_ sInr m c - nc e c-lit of the monochromator. The laser i_ se n ’ S c -c -n be _st’oo ,_ s c ’_ s- I  lu _ s

the r- -c- c-ion which in viewed by the entranc-.’. slit; the width of t i_ se on-

trance sli t ca c -n be optjj nise ’J, for signal in -te uisity n c -ni resolution. The

uUo ’ - _ s si ,~ c-h of the fluorescence sigu_ so l could also be 1 s_ s c - c- - n . ;. - by a-a- i _ s c -  a

mou_ sochront-mt or with a smaller ,P -rii s :_ sbc -t c - -, a mir ”o,r behin d the n-_ s n c - p c -. , - ‘I -u i ’

and broad band c- ,nIn i - reflec t ive  coatings .

~ 

~~~~~~~ ‘ ‘I

—~~~—------~~~~~~~~~~~~~~~~ ‘--: - - -~~~~~~~~~~~~~~~~~~~~~~~~~
“ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘ ‘



~~-:~~~~~~~~~ ric-, -” “~~‘L’r~”: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Bibliography

1,. Bant-iell , a. N. Fundamentals of Molecular Sooctroscpp~ (Second
Ecition). London: Nc-Craw-HIll Cook Co., 19’Pa .

2 .  Co al _ s_ s - at , Ja mes D. ‘C. - sc _ s ouc- ; Conductors: Thecry c-n- rn _si Zncrineoripg
Appl icati ons. No -a -i York : Dover Publi cations, Inc . ,  1958 .

3. Daniels , Farrington and Robert A. Alberty . Physical Chemistry
(Third Edition). New York : John Wiley & Sons , Inc. ,  1966 .

23, Donnelly, V. N .  and F. Kaufman. “Fluorescence 1.1Cc_sine Studies of
NO2. I. Exci rna-ti on of the Perturbed, 2B2 State Ic-ear 600 n_sn .” Jc ’c-rrnal
of Chemical Physics, 66: LI,100_4110 (May 1977).

5. Douglas , A. E. “Anomalously Long Radiative Lifetimes of Nolocular
Excited States .” Journal of Chernicnal I’ha-’sics, Lu’ S : 1007-1-015
(Februa ry 1966).

6. Eckbreth , A. C., et al. Review of Laser Raman and Fluorescence
T.3chniques for Practical Combustion Diac-nostics. ~2A-6J~7~~?’?-O66.
U. 3. Environmental Protection A ’~ency, Office of Research au_ sI Ce-
velopruuent , Washington , D .C . 2O~~ O, June 1977.

7. C illIatc ie , Gr -rn~poc-~ D. a9d, Ahsan T J .  1(1_sap . ‘ IN-_ s Electronic St.ructure
of N O_ s _ s . II. The A’ ’I-_s’- X”A 1 c -nd, I , d j— P.s_i  Absorp tl ._ ssn Sys ’c-c_ssn _sc- . ”
Jet c-n -mi of Oh- c- s ic _ sn -i Pc -p c-cleat , 6 - :  162d- i~~33 (~i~’ot atmher 1976 ’ .

8. Gillispie , Gregory B. ,  e t a l. “The Electronic Structure of N ’S _ s _ s o -
gen Dioxide . I. Nulticon±’iguration Self -con_ ss isUc -t_ sSn-fic-id 0r_ sIc -~~lc--
tion of the Low—lying Electronic States . ” Jou’.,-n- l of Cl_ s c-i a-, 1
Physics , ~~: 34-25-3LI~41’4~ (October 1975).

9. H’_sr:b-atrg , Gerhard,. Molecular Saoctra and Poleculc-nc - ’ P t s ’ucture.
Vol. III: Elec-troni c Spectra and Electronic St_ s~ _ s n - _ s :uro of Yoly ’utonic
!c-!s_s, l _ scUlc -’at . Princeton , New Jerseys D. Van Nontrr ’.s _ s , I  Compa c- ny,  In c . ,
1967 .

10. Jock _si. ; , Charles F. and ~~nes t R .  ~~vidson . ‘Tho ~ -uo Lcs;. ’sI l~n _ s ,  c-’ -_ sy
\‘  St t I-es of NOs ‘ Journal of Cheinic-_s i ~~~~~~~~~~~ t~~ 5.) - ‘1

(Apr 11 1976). 
—

i i .  . “An Ab Ini tlo Potenti al- ‘n c -rn - ;y P _ s t _ s _ s c - i o n - _ s  S _ s n c - . l y  of Sc-_ s _s-’ -i ’ c- l,
Electronic States of NO~ .’ Jour - - mi of’ Chenic’ c - i imp -icc- , t ” u
2957 (O ctober 1976).

12. Kc-_ sy . ;cr, L. F. ,  et a], . ‘B, ’ II  n t i v”  Ll, t’i ’Lis_ se - s _ s i  Colli sional Quench—
ing ct ’ NO - ” FiuO _ s ,’c ’n ;_ scut’ _ so c - t n - I  N-~ Lur e cc-f the ,-\ 1t’ A f t c - s _’_ sc - lo t c . ” N i _ s ’ s_ sc - c_ sc - Sc -
Phy sics L etters , N :  5:53-52 5 (December 1968).

—— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



5 ~~~ ~~~
‘ ‘  ‘ ‘~~~~~~~~

‘ 4,.iL .~~~~~~~~~~,

1 3 .  N e _ s u N .  ‘c - cs’ , I~ u i i  c - u _ s t , \ .  , c- . F. ~. s n , ’. n - s u .  “ “ in c’ - a ,’ c -a - .- c - P  Ni  - -c- .
c -I,c -”\i c - c. 1 us’si . n - L  . 1  ‘!~- -c - -...L ,.. _ s. i - ~: -:-_ cc - ; , N ” : 5 _ s~ ) I — I ,  ~_s (~u , n s a n s s _ s

. ‘ - , n -  n - , ;. ’, I I .  N .  _s~~ n at _ s~i ,- \ .  N . n c - c -  \ “ l cS l .  ‘ L i _ s c -’ n - i  c- - s t 5 ~~:”s c-s.  n c ’s c-a ‘ ‘ - Ic - I
c - i  i n ’ a ’- - c- - ’  _s -

. . ( I’S ac - I - ‘c - _ s  I- I .1 c - s _ s  . Nc- ’ _ sc -  \‘, ‘I- , : N c -c - i n t _ s  N I . ’ . ,~- , 5 c s _ s , ; i c - - c- ’ •

I c-n~

c- ’ i c - ’p _ s a c -’ i -  ‘a- I I .  N .  ‘ ‘ [ ‘ i _ s c - c ‘ ‘ c -c-’ of ‘, . s c - c -’ _ s ’  P c - t n ’ ’- ’ ~~- .t Y . c -’’ ’. ’_ s c  i!c - ’ n c - ’u _ s . n - s n a - c
c - a -’ - u - ’ - . - , c - ’ - n ’cc - . ” j~j - a - ’~~a - _ sI s r . L ’ ’ im ’ , - ‘7;~: .‘ , a~ —Lu a a ~

5 . P s - i , c - ’  , NI - i’! I n - a t  N . N _ s i c  I n - c -  P c - i  S . c - u i  N - - t ‘ ‘ S c- n . N ts’~~~, ’’, ’Ic - -I - - c-•, a —
[ 1 Il  t c - c -c -c - a  N c - c - . ,  i ’ ’ -c -~.

5 ’ . nia - !i.t ‘
.‘ “, i’ . . ‘p_ s _ s . ” c- ’ _ s . c- . N w  ~‘cs ’ - a : a c - n i , 1 - - u I  , c- ’. , ’

P .  Ps’ n ,t I 5 . , c-N . ‘P 5- 5 . , ( , n - - ’ t s a . n s _ s t  n c - n ’  c - n i , .s sd I’ c-c-, . s S I , , . ! ‘v . -

i - I u c - s ’ ’ s nc - ’ a- ’n , ’ -  , ‘I ._ s. ’ S l c - n  ~. ‘s t  P n ’ c- - c- ’ t _ s ’ u t _ s a  c- ” n ’ I i c _ s n s t i ~- s ; s ! i y  Cc - c -c- l a - i  :N~ ,. ”
1 u c - ’ ’ ’ - 4 ’  N~c- ( _ s n a  , u , n : .

Ic-’. . P a , - ‘.‘ c- ’ s s c - , c-c- S _ s - - s ’ l  c - c  -. 5 .  n u I [ i c - a - i ’  ‘- i N .  .Iu ‘ . “ i c - s i t  I c _ s n  - c - _ s t  1 . - c- c-

l- lie ct a ,\ ‘ n - c - I  c- c - i ’ Nc -c- . ‘ c- ’ a s - n  n L  c - i -N c-  I . - - sa l . s  - . .~~~ ‘ 
- - I ‘a- ‘ c -  ‘a ,

~c - i 5 ’ ’  (~~~
‘
~~

‘
c-
’ ’

~~~~~
. 

- - -  — 

N .  N s a - N ’ ’, .- \ .  W .  , c- ’ I -  n I L . “
.\ c- ac . n fj _ s c  ‘5 c .nc -~ - I’ .’, . “- . _ sn ‘. n a ,  t I c- c - _ s c- i v  •‘

~ - —
‘ —s

S _ s c - _ s c -’ s~’ I - sc - l a - c -- c- - c - I i ” i n c - c - n ’c- ’, - s_ ’ , - c - sc - ’ c- ’ . ” .\ a’ - ’ 1 c - c - I  c- ’.s’ S ‘ c - n , - 4 :  c - c -~ ’
- ~‘.~~‘

“

15 .n . - I s s . n s u , N c - I ’. ; -  I’; i - I . . t _ s _ s - n  a - I c - n c - a n - s c - _ s  IC C .  S c - ’. .  ‘‘1 ‘ s . c - c - ’.’ c- c - _ s  c - ’ c - !ca -t r ’ c - ’ c--
I . ’ -  I i , ’ ‘ I ’ c - _ ’ I c - P  N i  n s’c . ’ c- ’ n u  ~~i c - ’ ’ , ) -I ‘ l ’ s  Is _ s  S i  ‘c - c - )  n _ s  ‘ ‘ - . 5  a- , ;c - ’ ’ I , u ¶ I . ’

S c - _ s n :  n n c - c- . n ,~e s a -.~ - ‘ : ‘ s S c - s ; c ’s , S r ’s_ ’t “ ‘ - . -a - , s ’  i 1-’ L - c- ’t ‘ ‘ ‘ - n S a -  ‘ n c - - n c - - L u  -

I R’: .” J c - ’_ s f, ~~~~ c-5h, I _ s ! c - ,_ s n ,l ‘ _sf ;’ 3 ’ , _s , S’~!~ ~‘~: “c- - ~- c- ’.’ ~ \[‘ r ’L i I

I 
~~~~~~~~~~~~~~~~~~~~~~~



—-- .-—— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~T ~~~~~~~~~~~~~~~~ 
-

~~~~~

VITA

John James Wharton , Jr. wan born on 28 May 1949 in Warrer_ sshur :r ,

Missouri . He is the son of c -m .  and Mrs . Jack Sc -’hc-_sr ton . He att on-deci the

University of Iliscourl at Columbia , Missouri , after s_ s_ sra duat ini,p_s Crc_ si

hipLa school in 1967 . In 1971 he received the degree of Bach-olor of

Science in Electrical Engineering and a commission in the P~nited States

,-‘s_ ir Force. A f t e r  recei~~~ng training as a Missile launch Officer  at

Vandenberg Air Force Base , Calif ornia , he was assigned to the 14-4th

Strategic Missile Wing (SAC), Ellsworth Air Forc e Base , South ~ ,kota .

Captain Yharton began his tour at the Air Force Insti tute of Tech-

nology in June 1976.

S

Permaner_ st address: 160.1 South c-’iarka-t St.
Holdon , Missouri 623-040

_ _  _ 
_ _ _ _ _ _ _ _ _ _ _  

l j

a- -

~

’- ’a

~

-. ~~~~~~~~~~~



-
- ;f’~, 

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

- ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~T
’
~~T ~

‘
~~~~~

‘ T T T ~
’
~~ ~~~

r Unclassified
SECURIT Y C L A S S I F I C A T I O N  OF Y r - I S  P A _ s E (I$’hc n  Data F ’ c - e~~~-d)

“ S REPORT DOCUMENTATION PAGE
RE POR r NUM eER 12. GOVT A C C E S S I O N  NO.1 3. R E C I P I E N T ’ S  C A T A L - _ s O N U M B E R

GEP/P1-I/77-16 
I__________________________

4. T I T L E  (and Subtitle) 5. T Y I E OF REP ORT & PERiO D C c-_s , ’ : EREC

LIFTTIc-’IE EEPc -SUREMRNTS USING FLUORESCENCE CIIISSION - S Thesis
6 F ER F C R M ’,_s _s~~G- R E P O R T  •~

- - .-‘U ’rHO M(s ) c-c- C O NT R A  n _ s OR G~~c-~~~~~~~~~~~ - 
_ ‘— -I

John J. Wharton Jr.
Captain

PERc-~~~RM I NG  OR L , A N I Z A T I C N  ~~PM : N D  ~~O,  - c - _ s C - A M  EL 
— 

i ’ RC 
——

Air Force Institute of Technology (.‘-,FIT-EN ) ~~ A R E  W O R

WriNht-Patterson AFB , Ohio 45433

I S ,  CO’ ,T R OLL ING O F F I C E  N A M E  AND ADDRE S S c-~~~~~ L n - O PT  0° “E

December 1977
r ’ c -  c-,’ .e,i n-c - . P OF 0 ’  c - ES  

—

I 6 .,,
n - i - n -u ‘tC’,ITCRI c -4 U A _ s c - c - C ’, N c - M E  c-c- A : _ s R E S S ( , f  c - J , ffc -’r ,-nl c-torn s_’,,t~~r o l l t t c - c-c- U c - ( c - c -’c-- c_s C C P I ’’ ~~ ~~~~~~~~~~~~~~~~ -

.
- — ‘

Uncla0.,_s.fi -a- d
ISa  T , c - , :, -‘ c - c - ° I C A T , N’ T O  c - P c -p j~~, r 

— —
‘ 6 .  D t S T R t 3 U T I O ~ S T A T E M E N T  (of c - Ic - i ,, “ c- - c -c - c - -c c - c -

Approved for public release; distribution unlimited

I? ,  D I S T R c - S U T I O N  S T A T E ’ I EN T  c - o (  a-’ ,, ,c-bslr,.cI ~n tc -- ,- -c - ,c- n- c- illoek ,(c - , if , i c - c - i~~r,-,
-t t  ironc- Report)

I A .  S U P P L E M E N T A R Y  NO T ES  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IAWAl’ H~~~~~ C— ~~~~~~

- I JER~A~ F, GUESS, Captain , USNc-F
Direc”~or of Information

‘ 3 .  c-n - E n -  W O R D S  (Continue on re.’ - r c - - e  c - c - c - I c  ti n ec e s sa r y  and ,d rn r? f n- ‘c- c -’ block n ot-n - c - ,- , ’
Fluorescence
Lifetime
S- itrogen Dioxide

0 A R T R A C T  ( I t e e I If 
~ 

d i t  I S I 
— —

Two experimental methods are developed for measuring fluorescence 1L’c t i n - _ s c -  on
the order of ten nanoseconds . These da ta are necessary for m_s_ s’:n-surement’n of
species concentrations in combustion flames . The c-’irst method is ~msed on
counting photons within a fi ned, time Interval , the position cc-f s-; i _si c l_ s c c - n  he
varied with respect to the excitation tine of the s.ir_ spl c’ . The second method
uses a -time to pulse height converter to measure the cl_ sc-pc -c-_ sd time between
excitation of the c-ar—c-pie and err-ic-sian of a photon . rho number of photons
detected per laser pulse is reduced to one or less in order to obtain ‘ vali3

D D J A N 73 1473 EDITION OF I t.~~v 65 IS O O S O L E T E  
Unclas c -_sit’i, c- ’J

SE Cc - c - I c - ” ’ ,’ C L ’ S - c - P I E  A T c - c - 5c - ’, ‘ ‘ I c - i c - c- - S . c - I43ten 1).t. I- n te re , t -

_ _  - - i :



‘ - - ~~~~~~~~~~~~~~~~ 
r-
~~~~~ 

— TZ_s
~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Unclassified
S E C U R I T Y  C L A S S I F I CATION OF THIS PAGE(ITh.~, 0al. ~ nt~~r.c-f)

c- t - c -t i c-t i ca l  distritution . A tuna ble c-Iyc- laser is used as the excitation source ,
and nitrogen dioxide is ~‘.se- I as the tec-.,t n_ simple at pressures of 30 tori’ or 1,_s _ sc - .

Unclassi fl— c-i
s u c - c - c - c - c - I I r y  C L  ~S’ , I r IcA1’ ,O u O C 1’ .’’’ 55  I l I ,~~fl I’~~’ c - ’ I , t ’ - t e , t c -

___________________________ _ _ _ _ _ _ _ _ _ _  -


