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&\1.1 

1tl t I illa4'1AfAGP· 

·~'bloa ad «:tlufMl ot ~ "' • ~tal I*'OJ*:'tr or ,., 
&tcclo •'*• wt.n tbo dsoica ..... in 'tM Y1ctl4.~ .- ~ ~-

the 1 UMtciU¥ a:'ol=-o4 tel AI 1~~ ~ tl~oa.omco. tbll 

~ bo dl#~ boa~ nUatit» it doG• JJOt toUow ~. 

Iov. • .-~ aer bo adted a ~ of -.re •• e .. - eleo~ 

n4UU.. ~ ~·· • "' ~ ao\tc. tho 11rtht Gl'fOA w\ ~ 
aeitet10G ~ ~ 1 uoualJt J""".A.:o4 to as tl.uf:trotJO •• e4 

t1:ad gtVtA\ out 1•• u ~-· ~ laa ~~ ao tU:dd!ae U. 

botw. tho twJ te:wla. Jt is to be ~ tbat all ~cos ldll bt 

l~cnt, .._, m pr&1Dtto. aro tot.m4 Qt to lMt tor a ftrit'ti" of I'OtlfJQU' 

•8• tborra.el :tion ot th ~ ~ • di~cd.at!Oft or tho ~. \hoM 

~.,. tho.t do~' 1~ U'O ~~to QG ~a. 

A •Wrt¥ ot l,.,..~t ato:nt.1 to ot !n~ praoticall¥ ~ ot 

thD ... wso ttl oent dWJ.ooa web. .., oath®& ~ tubcJ., aomt!llatiotl OWA'tent 

lJ.{:ht ~ &nd tho \lao of 1~ ~ chatd.Ml.1df.lntttlcertl.eo. ~ 

a the~tld poht ot dow lt u t>t intGt*on ~ it etvo• iutart~aUoo -. ~ 

~ ~ ®it ot tho pho$pholr, a ~t.ioll on u. 

tstaw ot as~t1on or tho ph~~. l'ho~ JUV 1» tU.Yidc4 ~ Jnto tNo 

u u•elll' due to tM ptQOa\Cft of ~tt• etb4 .-, tJrll.l.tt -. cla.seo4 •• 

~0 cho.;d~• ~ l•tt:osP :teaar.r OOftOS.Dtl m&SD'S7 of Ol'gdc -.tod.:ll 

!ll "-d.cb the fl.uo:tooaeoo£~ lo ~ ~ ptepel*'tq of th• col.O®lo. 

!be pro&Kmt voa 1• Ocllt~ on.1.Y v:t.tb the orewo ~~ c:M haa.'fOattw 

• t4U ~ tbo ~C®lo tno• !bo SJ:ltoNtt m orsenlo ~~, eace~ 

tor ~ tho n~o of ~tt;uth, d.o.tO• ~ thCl ~t WJO ot 



~ -~ !a odD~ ooctare !a 1947, vh Ulltwl (194'7) tU•~ 

UHd MPbtw.t..t••~ bob uo$ .a don on OJ:Iamd..• pl\ocpbol!'l iD tho tollou:l:oe 

JOOH al.~ lbtottadto:r U9AD) "~ tbet tor~ uoo en baraenio phonpbor 

(eocii t.Qdid , tha.UlWil eot1va~) w. aQIIO a;etu:~. th ~awo tnao• ~. 

cb4o o:rsdc •~ ba'i'e Q\1.0h ~ lit~•• thot 81"0 W»d 1f1100 thi• 

propo:rtJ ll ~ • 

b.~s\ to ~ tboce proportioo o:t 'ho ~ • wtdAh ~ • Dil1 

bo ao4o, 80 to- obtiWl tbo "' a.rtloi * ·~ ~ ~- appUoo,ttot: 

.... p.-opottos ~· tho ur~ ot t&o G~Ccd.tod •tato, tho O}*tr.l. d'l .. 

tr.Lb.l~ ot tho tW 118bt1 1lM ettiols:r.tq, tho atopp1ng pcMIIIf f«' Ndiationt, 

tho ~ roeolutioa 01&4 thQ JJ.n.M.rltq of ~· 

Moat of thO ~t:) of tbti#O lftl)Qt'\1.00 1rO&'G 0~ mt4G \Udhl 

idobg ro.dht!®O fOl' QXOltat1tm ct'ld em J,:floupbol-e vtdoh DOt ot tht hiflhoa\ 

.Pll"itf• lt 'tiN~ le: tho.t l\ wo d1ocoter04 that Vtfl.7 ~ uaa=t• ot 

~tv ~ le;rao dUfGIU\000 JA thO ~ ~tf.o• d oliO that 1M 

toinWlatiCh fl~ IIOOJ'w4 (UO!.tod ~ S..S.-- J'Qdtat1CIID) _,. 

hif3hl.J" oomplJ.OQtoa OQQ<I:'«l'C:G 

ftiCI'I).10l\I.B1u; }lb)to%1•). 2buo O'fO also ~ 111'0'1 

Jnpel"tlet of tboao Jilo:J~• in the oolid atate ot tho opoct.nt ~lap of 

the a~ CDd tho o:d.aflica apootn. Peat ftAOOaO ttOU']T o11 .._.11' 

votk ie 11l ~ to 801:10 extoat. 

\\o cnt JIOSNnb FOSl'Cl or thO <1op$rtfdlt \ftUa b&-ol417 •Aas.nwattgatl• 

tho WD.1.ou pro~o. to bo 111toot1gato4 S.t. vo.o doc14o4 tbat tho proocmt liOl'k 

ohould bow tho ~tioll of tbe lflOtotlu~co Utott.r:llos of t.he e«oito4 



A I 

c 

B 

c 

a 

0 r 
INTEAATOM IC 01 STANCE 

Figure I·I:Morse Diagram for a Diatomic Molecule. 



. ._. VC~r$. a ~ Of ~~ tor ohoooins t~• IN\J~oot tl# 1lt'.rottlpUa, 

Fin~, th1e iu a ~tal Sftpol1q' ot t:be ac4eculo ead. ~ vltb 

r»$G\C'4~'Qata ot tlw pbototl~ tlti4!cmot~: Olleblw tb.1 Qfto~ts.. ot tile 

hdlattvo «D4 ~tt.w ~tioft probab.S11t1~, ...,.. r:llfl¥ t11on bo l"'':lA to 

o.,. ~col ~~.Uo• ot the 7r ol.Gatrcu md tho .:t.~o u a wbol•• 
D~, it J.o ot ~- conot~ tho p:robl ot t!l ~ lA 

a pbos)'lbc:a[r frf.'.C ono llt>lowla to uuetbo», CIJ tid,a occuro wbUo t&o D'JloeulJJ t• : 

G¥Ottoct, • thnt l't u ~ to ~ tbO tt.o lt de t.a W.u conait1 U 

1d.lh to ~to~-~tsc .. 

fJ'aoUoat lflo~ RO u~ ot Mleb a tbiokllOaa that ttm. 1e 

aolt~ of thO~ Wich w1U ~EIBO tho ob~ ~-q t:S.at 

ot tho phoopbott• ~nrm ot tJw ~ ln do~ ~ &w to eol.t~ti(lll 

el'YN ~-inf~tlOD • tho Me~ or ~q tft.n-otor. 

We v:U1 QW ~ ot .mr ~t eapaot• ncn~ chon b 

9'\)t\~ 4otdl. 

;,..a t '· ~ l»da1 4 
to p1n en •ftlm.fnioi'B~ or tho tl~~ prooeo.,.. vndor 1n'lnt1gatica 

• v1l1 conf4dol- e eta.Pl<~ &t.4:d.o DOdol 'Sihioh 1~ to tbo taUt~ ~ dinpt=. 

A1ibotlch tb1o QO::lol 1 vot'l oi'oP\ttled 1t ~ to dUou tho vnr:\~1 1*'04 • 

~ SA * o.raoni• ~ vlth vtdoh vo _.o ~~ lt ~a 

~o tlOloe\\le wl.tb a equiU~ ii<la ~ ®4 !n tho lwoet o!M~ 

et4to, then 'tiM ~t4al enet¥ .. uope:r:1t..ia OUft'o vU1 be co :1n tipo 1.1 

~ -... U tioetal• lo lt1. tho f'.l.rut coitocl clooti'OAt.o Gta.to tM ~~ 

be ~ vll1 bo • ~ fd, D, ~ tlkt ~tl.al mf.nJataD vU1 be at a t.rtctn:~ 

oq\d.Ubriwa tllotcnc. that tt to tho ~c.too ot oleo~e Ot'b!.t. ~ 

bG fulrther ol~ lOf'Gla ~ this vl.Ul etal\lA ~Ueu, t.tt ~ 



4 
w:U.l .,_tl.wllq bo a 1~ w!th _, lidld'INI au ~t 0 d)4 tht) ml~ v1U 

d!asoohto U raf.SC4 to tldo lo'ftd. Cu~OQ.d rm tho ~~c 1~ vn1 

bo vtlffatioul. 1~ ~ 1(.r ~w ~ ld.thill the ~lo\l~o 1orolt. 

Att tha ~ rib:rdil rolatltu to •oh tJ'thw1 tho t4W -..g u1U I'IX:loitl ~t 

wt 1idl1 cl~te botwol\ ~tic alld pototl.tinl. ' ' ~ tctl~~'U --

ot thQ t:lOJ.GO\lltH~ tWO a tho 1~ OhO or 'two v!.brctlon4 la't'OlU of tho ~ 

.tate.. l'hltit w 'bt ~ t:cr .wt~na ~t tho OJt01'111 d!tt•-.• bo~ ~t~ 
1c:Me u sbout 0.1'"• tmd kf ot th .. ~ of 0,02$7';. (1¢ = lbl~'• ~--
t = ~-te ~~). •• ~ lol"-• .to.~r~ 110 ~ 

- .£. .a· .,__ = tAo• kT e y = 0.~ 
!bue • rs:r.r ~ ~ attet!d a aoJ.~-.m tM ~ ~ 

lefOl fYt tao ~1\ eta•• ta ~c ~ tbo ~o ~ ~ ohou14 

bl ro~ ~ OUIJ ~ ucw cl:baetlt!a to &U.ow .f~ tho ~au duo to tho 

~~2' w.~Qe~ ~, sa ~ ~·· tha t»lGtUleo ~ ~tlwll' 

]l)oao~ ~ eo that !!\~ (ll1t) -~ dd tt. ~1o ~m ta to\M 

to 1• to tho ~\1m\ ot ~to \fhieh-. ~ ~tiedt 
-

U• DOW ktiov lrt Wa'h 1~ t~e l\\Oloau.l.U ~ tm.d t4 'Wbnt lttrolt tbG7· Dq 

so .U GQ tbu KU.nuu tbQ ~- -of ~t!te d er ... 1tn.tio4 C?f Gi:J.O'l'81• 

the ~ .. -= ~-~-- ~:~t nidfla tho oy.tola to • taottecl 

et~c;, uta.te "tV tho ~t1dl ot a qu.Qntua ot oan&r:t vlth the ~~t 

~ trtmsl~ baG to tho· ~ statAl wJ.t..h tim~- of*' ~0~01 

phot®. To t'oll.O\t tM tl1eu~~ttt.• fltotl tho ~d ste.tto to tbo =ottod o~ w 
tat !Mkt. 1.\0e ot tho ~<loQ pri~W,plo. tia otetoG tbttt the ~tie 

l\\\4 m0t11mtul:a of ~ l)OU.sti~ -.t=e ot a 101~411 Cb uot cbcrlco a-1/P'od.oht¥ 
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A. BSOAPTION EMISSION 

CRYSTAL 

WA.VEL£.NGTH 

Figure ~2: Absorption and Emi salon Spectra of Organic 

Phosphors. 

> u 
z 1·0 

"" u 
~ 
~ 
L&J 

L&J 

~ 
~ 0·4 
II) 

L&J 

~ 0'2 
;::) 
.J 

1·0 

0·2 

~ 0~~--~--~--~~~~~~~~--_.--~--~--~--_.--~ 
4 3 6 5 4 2 

NEGATIVE LOG. IMPURITY CONCENTRATION 

Flgurei·3:Fiuorescence of Mixed Organic Crystals. 
(After Bowen,Mikicwict and Smith} 
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tie._ t. slftQ 'l!lat1oaml1evelW. (J':f.~ 1.2)• ~tho ot t.be 

1'1~ ~. tho ~fl!ttou bc(JfA m tho 1~ 'flbrt\~ l«Ml (0*) 

ot \he ueiW ~, si.:& sa~ nhr ~atlOYoll (ot,t• ~.Jot tbt 

tp!OUml sta~. D\te w tho ~ ~ tho pot=tiel .W• s4 tho ~ <\i.Qlpatioo 

ot ~sr WorG h.dic.tien, tbe ~ ot tbo ••w photou t.,, 1n ~at, l"• 

thl:s tbat ot ·~ ~ ~-~ tJO that th& tl~ Gpectr 1o at l.QagGr 

wcvolqgtht ~ tho ~ ~. 1'h1 ddtt td tM ~t o::d.Mica 

to 1~ ~qth tGGn tho ab ~ UGJlt l.lith tho cd.gS.nal. ~tioo 

ot stotocs (~ 1949# pa)~ 1.bt> tvo ~ UIUillT ~lnp to o. aro._ • 
1•"*' ~ 4a~q on tb$ a'baJe ¥M. roata:.,!w poc414• of tho -.. C\U'V'Ut 

~ J.• a\ao tAo pottdld.U:If' that, ~ oaoi~, tho a:ati~l~ DtJV ._b .._ 

Y1l:h.ti4nal ~ be tw na1£h~ and thon ~tuta to tho ~ atntct,. vlth 

Hion ot ~ati<* ot ~ W«<fo1cnath tba tllG excit!n« lictat. ~ 11 

oallo4 -~ t'Gdiation• lt hlul a woh t¢'0.11~ ~oWl£;fq ot oc~ thea 

tM otbw two ~DOt of ~oit4tton,. d u rol :tivolT ~per-ton\ in tbit 

WOI'k. 

Buttatt.on into tba ~ cud ttl.~ ~oo~e mteo u .u a:J tbl 

&•t ~ b:xm obler~Gd b 6baarpt.ioa, wt a ~ ffAlJ' ~Pitt.~ fl-oa 

tho rb1Jt ba'IO boOil ~ M t . 1.1d,.e, U SU.,l"JZ)OSGd to 1JE) dl;&it &1 thor to ~4 

tb.cNGl ~U• trca etatoe ~ til• tho .ts.rst to tJto ~. ~ to l"tt.p14 

-c.noitiaaa ~tho hi• o\atea v1tb ~~on until tb4 tJDIIIZtt!:l te 

~atoa to tho l(WQ'J. ot the tiNt GU1tod ••• tbue. tJie tl~ ----

lathe ~ e.toit.~ Snto fJ1fl of tho oxcite4 ol~o etotes. ror tJJfA 

~ ad aue to tho fact that the CQCCS.t!lll Ur;ht uaod ill tho prrooaut 'tiOJik 

'W'Nlcl oul.T ccite to tM .fU>st ~ atnt.. w v.Ul .:tr con~ this etu.tct. 
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ctaoe· tbt ~e 1a a tho eot Nte Of.lO ot tt.o ~ uu.t 

ooou:~ra 1t v.t.U oit..bor ftdiato _. tbO tll1l t)O ~ r.t 

, bo "- !*tfJbclbJ.U\Y',... \~Qit timt that it td.U .u.•. eM tt Pl'Obcb2liiV 

,.r unit ~ ~ lt wiU -. a ~ati• l\'tntd.U•• Xt ~ 1 0 

QOlooule• ~ o=S.toct ana at .,..,. tStw t 1 thee .. J, then the 

iaee3&tl Ia tho ~ fit cite O!tleou:w to 11 ~ ~ tit v111 t:.a 

• 

~"*"- "l: = . l . .1 LS•J 
WWW.'W p+k 

ts o411 til& f1uolre 4ooq UD.o., ~ itf a.t• thO ..,... utotme 

of tho ftoitod datA, tdnoe thio ia aS: 10'• 

1
()0 t 

(; II*~ ~qe•v eli; D 7:: 
0 0 

~ f'lQo:to..- dtJolr 1o r:. 1.s.a w ~Ua1. but t1d.o oo17 

aootD-.rtll' ho1c1l •~ tbc.ft io _, l'~pt,:S.oa. 1ho qwxn~ .tf'io!ot~CY q, 

dlftaoct • t1ut :ratt.o of thtt ~ o-f otc;Jnf tto« to tho 6boo1obe4, 

~ o1 bo ....tu.tod u ot p k. SSA® th total JrQQber ot col~• 

"~ to t.bo ~ otate per uu!t t!r» 1t p:oprilonol to J)fk. owl of 



a 
hJ. U w oon ~e tho deu.v' time ~ tM q,uatua ettiol®<\Y q 

~~' Will cv- 011al~ tho ~ ~aJ:t:4..0D PfO'b4bUit11.lt p Gad k. 

Fw aa. \ttftot~ t*o&»h«r (~:tl.) w 11M p t.- bl ot the ... or 1rl $00.-1 

Gad k .,., mach ~ ... 

w lllll2G' ~-·~·-Q-~1 .. 
Xt 'bas 'boon lbova that In tb.._ cqotal.a tho ~»loeule 1lbat lb.aU"" 

Ultta a tl.~t tb>tcle 1& no\~ tale aaoo one that~ 

abd''bed tb$ 11«44ant photou (~ 1949, ~ 194St lovaz1 • ~~ 195)). 

bG tbQ «Uitatd.oa ~ Cllt b$ c:;apable ot QO'dq through tho ~ uatu 

ti ~ ~· ca 6 pkoU., .,.._ at 11. (1949) ~ _.!Gbt (1?5J) 

tt\14ted. t;hlt wd.na td.x$d ~s ot the ~- »Ppbthflloao. en~, 

tAt.4'il0 ... 1 PQl\'taa(;J\0• 1hqy unt4 ~~ tlith ~~~-of ~thtW 

~ in ooU<l t'K'tlutton. b Wit spoc\nll ~te V«rr l.t'.tolAto4 bt 

m_. • .a taou at..uJitt•• ~. lt ,.. toun4 that ~ tor ~ 

l<N ~~titu f)f ., ~·· ot cbou\ 10.6 to 10., (!Jt/se, tbt 

tl~ ottio1CD4;Y of th& hod WI ~tltllr ~ end the.\ ot 

tbo~tq~~ ~l.J~~oftho~t •• 

A mubor ot ~ vMGt• ~ hMm bola ~w (~ & hu.Oll' 19J8, 

,_.It U.~ 1949, lbaUu 19S1). thosu lC'et 

(&) ~ Wellt•• 

('b) $eQolti.804 fi\tG'rotaeOn" (Cttrb 4t bMCTt 1923). 

(o) lkeitc tt-~ (P.r~<419Jl). 

(4) lbotaa ~antf- (D.S.t:b' lt)gJ). 

SC.Q _.~o ~ tWo f'o.d to bo pbo~ en4 ~oonduotina, 

•t tho.e otto.ct. arc ~t to bo ~ to ~pl~ lovela vhteh baY$ 1.-a 



X 

Ut~ ad 4) not ~ • hoM• Ao ~ ll't.! no O'bhGr J.'l!oe ol.~ 

u tl\GaG ~n, vo BtJI elta:tDAto ~ trmu»t~. \dl1 ~. «<ab 

oi" the otb t •(ipflft~• 

We· AutrU,icWJ$1: kl ~ 
%A th!.f# ~ it 18 ~ that tho ~~· photoG ,. ab.eorblcl 

_. a holt ~· vldoh ~Miatoa a tl~ ~ 1W. phl.)tccl fUSI tbo 

~ ~ tho ~; bo abeorbG<t 'to' &U!Othor hoot tl01ocU1e • I;' M IJlpJri.tf' 

aolecu.'let A A~Cia\7' ~dto f~ ~tiao \f' tho ~- I# tbf.t ita 

~ ~ ~ ovorlnp tl).O Qld..., !.cc OJ*tt\la ot 1.M hot$ (~ 1949, 

lbMn a. tma.., 1949, ll.tkt 1953). ~ =-. ~bod lV tho ~v QOleculoa 

oa nott bo ecd:t;tod aa tbcWt ~aoto."4eti0 n~. ht ~bod tv' the 

otbQl' !tout. ~ vW. Jut ~t tho ~ 1"00:;"• IJOvosl d tefJ.q;r (1949) 

-J~ WI !leJChQad. t~ • ~ ot NAOOa.,. 1Mt D.t.rkt (1.,,, s03-'74) 

~ocl that tboao obJOO'tiCIIa$ vote leraolT ~Q• Xt • te!rl1 mdet 

that U tbo opciO't.M do OWJ1t:f th a.t be O<t#O ~i(!Q 

~t thU doo4 ~ t.IO.lutb o~ prooe • f1'«\ o~otf.Jl6 ~ tbo tltlo. 

B.te.'t® t ~ tsut alldUO'*' tv ~ (19)1). lt 1a a tquck 

t.~WGD®t ot U41•t!on f1NIItl1 to Cll'f8kl.s ~~ t\ """'" ~ ot buU<I1na 

~~or .,.. ~ • ~· ' u~-· 1949). ~tto ~t u ~ 
to bo 10 1"ap:f.4 that the ~§' ~ on =o ool.ocul• tt# a ~ llQOh ~ 

tbc t.U.t ot omiUatiCIO (t.o• < lcrU •• ). l'hl• 1apU.oe a wq a~ 
~ betw.a tho aol~oc !A tho Cl78tel,. oo thtlt ·the fluore~ ~ 

of tho _,..ttl ldll be 'f(fJ!T <U.ttetant ~ the.t ot tbt • For tbo ~gcrdo 

~ tho two spoot.M ero c..l.tloat ltlontled -~ tt:# $ r.t:u\11 l!dA ~~ 

1oa8Ct ~~SA tlao,so.UA (O.Uok 1949, S'lOS). hem,~ aq Gloo bt 



10 

oout.~ cleotl."'11 Clld. a poQ.it1vo bOle bcNn4 !h OtUt anot.bor'~ t1ol4 

Obt.t le Sn~ 19A81 pU?) ~ ~4 ctvo ri.ao to a JUJw ~ pt:l~ 

W (nwUa•19Sl, p!f)), bart 'He~ 1JJ ut obot~ ~ tht.o .a otbaP 

wt~ ~sect 1n ~ J.Y lt .-. Wlik\\lr tb&' thto fOl'tl ot 'b~or OOC'OI 

s.n tho •t~rltda v1Ul \ibJ.ch vo ~ concom.oa. 

a.a lual ~ • .-:Mild v~, ... 
tha ~ Q£ on~ -.Gnatel" lU OQnt.\lU$04 nu~ $.'"'n~ G tl1.o~o4 

• O.io ond f.rcnok (19~,) ~ frtiUd1 ot tho OJ)t!.ot.d ~SOtlttnOO oW.tt\tion 

h -. ~ t ~ mflT elno ~ d to tek pl..e bT oolllli«w ot 1M 

D40ou.d. ldnd (IQ.oi\1 Md Jou~<l 1921). tho ~ ldao ~ boQa uoricod out 

to: col!i~ ~ olAct;."'JUU ODd a~., CUld ~ded to ~ eollja!oft• 

1\7' J'nbol: (1922)., Wbon • ~W4 nn unctQiW aw c.oJlJ,a., :ln a"*'' tbt 

ucited atom ug ~ ol~onSo ~ ~d.ati~ eM taU to •1~ 

tr~to. 1h: g lo~ tv tlu) <XXeitod tcm oq bo utU~ in ~ the 

ld.not4o ~ tilth Wlcb tho .~ ~o.tt ~ the ~rJ.co, m <4tot~ 

Q.itetion ot the Wlt'IXClt~ • . i)r in "~•tieD or thooee tho probabUitr 

of t:renet01- ot r:t ~ -.o !dAd of attn tr1 ~ h~ boon Gho• ~onto. 

..U., (~11 19;0t pi36) to .s.n..aso tho cm®Q" 4itt~an«t 'Mt~ tb• don&ttaa 

and eeeoptina 1svo1e ~ 1••• tbo probflhS.UtJ' 1o blgb wo.n tll:eG it ol.Oit 

~o ~ tho two crl®g lOftlo. ~s -would tbua cpoct fJID.Ol181 'U etw 

~ Uantioal atoa. to 'bt 'YO# l.1kolV tbo ~ l~ wU1 bo ta tAUct 

~oq. JW nolocuJ. !ll tho OQU.cl otato, ~~ tho ~- vn1 t be 

G'l(aA)t dut to tho l.N«t ot 't'i'br~tioruQ. on~g.. 1'ho ~ thootf' of tho ~-· 

vol'b4 out bT lall-. ~ L<Jnacm (l92S), ftiOO'lltl¥ 01\ ~ tb:oor7 hU 

~ pltb1J.Mo4 tv fti-~ (1948). 
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u~ at~to.Mt• ot so to 100. unb' ~ OIQtldtt:fAnl. ~n oou4• t&tt 

oonditlone O'te ~" 4Ut~t u to tbo tta'teculea ~ to ~Jn d 

t.bco4 po1n~ ill tho ~ latu.c.. ~ ftadt r. -- tbl.t 

tho ~ oc Cit t!1!to !'lt.Ot Of01" • dt.friioaoG ot ~ Cl~ wfd.#h u Jun 
the di ot4r of Oft& mol~~ tJ0 tbGt W Qt\1 ~t ~~ to ~ p.1.Gclt 

$ tv4C'OU1e•• 3':ra tho ~ o£ nu..4 ~ (lntb:r_,.. 

~ eo:tta!nina ~) hcok QtlCl %4:rin(t#tco OORGlde thnt tM 

~~ ~ mtb:teo~ to napht~ ~ tq ~tioed fl~. 

tboe tho ~-~e a ftljph~ r»lUoul.• it ~~ ~ Ullttl. 

n.dlatM dnao th4 ~tbaocmo ~a lot011s ~ ~ that ot att. •• 

• • t • • • • • 



l)A...~T II. 

Theo~x of '\ihe ~~per1ment§Y. '· e~ho,q. 
L:l. Ml ·ld: ,ttl» l.mggpt tlal$• 

Dto dm ot the proiO'Qt wft Ill# bo<m to obttlln ~ate W~Uan • 

the prttpOtUo• ot tluoroJ0011t ~ ~ to aid !.tl ol.u<t14atina the 

tl\101'8~ proooaeoa oc~ 1D thoGO ms.wiala. la ~tioulc-• the 

author has ba.c ~ ira tbll'llOeSW!GGOnt ot tho pbotoflu~t tloOOJ 

~· ot thoc» ~ela uhG1\ cotto4J.v' photoGs in the near u1~o10'l 

"Cia ot Gho ~. Clooo'b' alU.od to thlo 11M boon the ~atiC 

s1vo trUOb ueotul SafOl'Oation Vball ueod tA CCI!lJut2.0UoD vith ttso aeo&T t!t!Os. 

W. ~ ~te u..a 1ft. tb!.o tbodt var. uaa. _, Hr. ~ unlo 

otbOI'Wiao GpMiflod., 

a..a ~ cd: lbatntl»A~SZ-..SJA DAac DQII• 

Sbe tuot ~to ot photon~ dcocv ta.aoe ill tho rostoa ot 

1crt'ISOO• ~to !mv{) boon Dlde b; Gmole. (192'7)4 ~ ®tJiod Ueod vtUJ a 

«~ or tho m.~ .-o1 ~'eGPO (lt.mlt u vhioh tbe 

10t&.~ wllCt-alfl Ol"' l'onlac:;td tv ~ OGUo; to :-:!YO tho o.t.tocJt ct oltGrnate 

ecltctiotl ~ obsol'Yc.ttco. tb!o aotboc\ l 1K.loa do'falopocl rnd uoed t:u v. 

~ ot ~ (S~ 1935, ~ 1933 A 1936• OJ!too 1936, 

~ 1938). !he dcttoUe c:ro es.wu l2l ~ (19/t9) I.'IAd vUl uot be 

J'Op,rotlu.ood ~. ao roaulto 4P~ to bl Bd.~~ d l"~blo, wt 

~to haw boo c4o Ctdnl.Y on <W~ «.\TT eol.uts.ono. 

2.1 I &sw tt.os "' ~ f)rtbg4. 

J. d1ttorat t'!od for tho ae~t of the dcctl¥ tSmo hlt.e ~ give11 

by~ (1941). Ho COACidsrod tho e;cttaticm of a pb.o•phor bt 1iab' 

tlodt.1l.ated at hi.6b t\-GctUOCCV' (of tho oNclr ot b/o). ~ to tho tblte dooq 
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~oct vculd ~~ to be ~ ® &l$ all~ t!Adet l s!apl• thocl 

of 0~~ ooth thoc. dif11.cult$.uo lo to ~ that tho c.l1wll'no~ 

allp11~& of tho lnl'Ut cm.a Qlltpu.t o!snal• aro (3qU41 oc that. ell tht 

~oott~. 'tr1bioh onl7 tprA:f to ~ at~at!Ds CIOllll)Oll®te, wU1 ~eel out 

.C. 01\13' .l COP,'PlU'1.00ft o.t t.'lo ~ 'Q~OUW its noceBQ:l.'r'J • 

'·5 ..... ot ilw lGlaat liCtdJt». 
lit UUl now «11~ tho thQQl7 ot tho motbo4 qu.tlJaod ~. W-o vU1 

oernoidor ~ ~ oitccl tv U.Ehtt tho 1.'1tQuity ot wbiah ~ be Hpneentocl 

1'1 a PcM.-let eaneu to on. i(~Jf ~c 01~ in tho Ucbt ~. .. 

bwlc lofJ~:ton ~ JA ell ~~ ot plto~tJtc=OO docq Wott S.t 

that th() &Joay tt ~ti&'!.t ~G eo roueh~ 'M'tfio4 IU )'Of:Jt (1952) tt14 

1" 1:1 to be ~ttMI tbOONtt~ (tktctiou 1.5) • ~a hal boon 1\J:'tht# 

it\V'$et168W b tho oent work M dOIOJ'I;Mti in 2.6. 

At G tit~$ t let taleM b$ I tlteitod molecu..tua!l" Ia1 ~ !n~ 4t the ~ 

hT t'G llll0\ll1t • e1Vtll tv c.- 1.,> , 

lihe»:e Jc.t ill a ~t, em\ :lc tbrJ nc!PI'Oftl ot tM dooq ~. lt tho ......... 

1t! bo!ns opt!oel17 aD-!."te«, now acltod %1l01~ al'O 4.!)pe~. lilt tl\o ~ 

bo 4M $n tho tltlo clt. \fo not~ 11avo to;:' the ~o m tbt numbar ot 01f41te4 

molecule;..,. 

tho ~>ato Of f«fcation ot oaotW aolocutos, ~dt, dll. tMt ~ to tJJe 

~fU ot tM ~tiq Ugbt l(t) (vtd.eh aco- be n tuntiOft ()t t4mt) t.o .. • 

thl l'AW ot v:rival of photons. thu 1 



u 
.... k lu . . .. 
~onel to tho lbe» ot <:«cltod lot'JUles ct. that tko • 

x .. ";,• 2.s.J. 
wbete \ 1o ~tst. ~ 2.s.3. a.s..4 tn4 ~., .. s • tlt!c bcvot 

t; i• ~. ~l{t) 
01" ~ # Mik:ti • k21(t) 2. S.6 

~ ~ c= k.te· lb1• u tho bfw1o cquo.tiols ~tirl4 ~ t.:i.too venation ot 

tho tl~t U.t;ht (41/at) to t.bG tJ!lo ftri&ti~ ot ttY-> ~t1»8 116ht (l(t)). 

:0 tstto eocount of' ~o ~ 1:n. thQ mceitme UJht w ~~ "' t tho 

Satonad.tq of tho aoi~ liGht 't41 e Foun• OO.J.1.eat 

J (t) = aJ2 + I: [•neo.Cnwt)•\S1n(1\t.lt8 2.s., 
n. 

\lhol'O A=t121.J, .... u; •n trlld ~n Q!'e ona~ts ®pmt!ltls. -cm n., ~ a./2 .ts thf 

~ into:Ul1q ot tho «tci~ Ucllt• ~ 2 .. S.6 at\4 2,5.7 w hnft ' 

ft .. ~X+ ~~ • ~ [ G.eo.(o<>t)~lli!l{n..t)J 2.M 
. n 

Wbis oqutltion lC'J r.tolV\)(] tn cyp:m<Uz n wd l.ea4a to tb :"e$.1ltl 

1=!J!a + '2 \ 8! ~t;1rf. \~~;~~} • Oo~t 2.5.9 ~ ~ (k}_ + a w} (tt1 + Aw) •j 
2-bo t!nal tawt, Gt ~ t , S.. a ·Wtt.ol pa~tu:rbatifa .W bo~• rw~bl.J' 

· .4 "'"" ;>>1• Siftce 'i.A = ~ =all u t boeot:$0 1~ c~ td.th 1/k. f ... e. .... . ..... ""'1. 
1o af tbo ~ of 10 ltOO• ltl tho pl'e8011~, tbe \om v:U1. ~ ~ ~sh. 
1'b ttd:.-t1:t,f' 1 ot ~f4 co thull contdna toD:l.G C'C)~i3 t.ct oaob _.. 

in thtl atprODtion ~~tho cd.tina Ueht l {t). 1:ho corroppco.di..--.; ~tt 

41tt.- 1n phe:ulo ®4 tOPUtaado. Tho pbaa• ditfo:ron~ lo ,_.c>h.tod to tb$ domJF 

.t1UJ b.1 'I'M Ck1U6'U (uao 6.1. '1) • 
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wbi& ~~ to the eqaatioa 2_..3.1 obtal.noi bt ~. ~ Le el• 

G. l'Glation. be~ thO I'Oltl.tift ®sr<*- ot modUletioa sd tho deoef' til»• Sble 

itt ~ o~ I\1QJ1 if vo dapllt); ~ ~'<~!Uti• ~ l(t)., U ·W& have • auitubl• 

a.t4ob' ~ ccmdde 01\lt ottt ~o.nw ~.-t 1•-C)• rm~ au. ~ w1t11 

Xl1, -_ LUt4 bn~ tl14, 1>7a ~ eboio() of tiDe atnllo, ottmw *J. • '1, «* bt 
tu.\40 lti¢'0-• w~ tdll. th lla'lo • 

ftt• ~P" ot rlOdulatiWJ. ot tho ao1t!rls lJdtt n_. {111W rati~ or tho.t v~ 

to the atosdf ()OJIJ(m:~t), 1o gt.~ two 
21:> 

-. = ··( a.;.u 
aa4 ot tblt tl.~t llght .,. 

~. ~ ., .. ...: iki ~ ,:,•jt 
lf w hem the~ ot ~ end QO~ the~ elld o.~ ~ontt 

m 
a = it. 2·.,s.u 

• tlh1ob. vtn o.l'Nl.\11 bo lee& ti'u:ln 1,~ G.uoo th9 ~w has a tf:a$:t4 4t\~nr title. 

\fG nov h~Wt ~ l . S..ll .-4 2.s.u. t 
k 

M a lll. ~-~~ .i !'i 
(ki+ w ) 

- (; . 1. ;;: .<1.:: tfit.. 
_- =.kl w M 
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1'hio ~~(\ ts tl\r: ~ of the p;tat cnt l!\..: tt-l>d fO'l!' tlt..J m~t or~. 

In p~t- tho ?~~ ~-te ot thlll -.ct~ r.%14 t.l.U0'40.-e ~ light .. 

ame oqw!)., .. tbitJ till $V01d tbEJ n1Joeur.d.~ ef (lel.ibt-a~~g ~ &rte~ forth$ 

~g c~uAt1 14b!eh 1$ di!'t!oul t ta do. 

iJt~,. ~~~ ~,at_~u~S!• 

xu ttw cneo of e. p.~aphor in tibich t~ 1~ s~l:r~t:tc:m. or iWi ova 

tluwo~, tho dtcQ~" u not :l0c&'Stml'U7 ~c.r4ttelt ~ tiN p.t.~t ae 
w11 ee ~wt~ ll4thoJ.:.i tl ~ de-cq t:me~ 4-i).M.lil em t..h., ~~Oll '*-at 

tho decay is ~ot1tial~ this fflew· ~ ... Cile jn~trtq tiw. It flail 

tnund b:f ~"1 (194'7~ l~) tM.t 1tl the ~of tl» ~ ot ~ 
n .. raocenoo !o. ~tt.:t. ~ ~~ hOU9V ' ¢~~~ ~ ~w ¢m1C101Sl 

.a Q~a~tioa ~ c~® t4tb tbos . o!' ~ic ,pho1)~, and a t\aoh lerae 

CMll'lap.. 1.b;i.o ti).oeQ, ~ tbaro w:\U b0 monr ~ ·~i) end ~(Jd,ou 

1ti a ~all; cml tt CQ~ll<l bo due to thlit tho.t tho CM doocy tG ~ontiat. io 

Atl veU u at~tiac tho Bhcpa o-r tho doof4"» ~~tion e~d load to 

vt\l."iati•c cf t~ () doot1 tiea ~ tho Otllia$i~ ~o~, PO tbf4t tho tl~ 

Yrtlue. ~d onl3 be e<»ne trori o£ avore.eo. 

~ FOb1 ~~1 bo :m~ ~cllllJ U apprOlli:M.tt IJptJGta ~rlth ~ 
LA3ed. 

matlB1tat1enl ~uo1tmo \~ ~ 'l'l:is i$ the e.~h,... by lbl.atoin. la th.i.e 

~ it ~~of' illboot to fb.d tha uctuel V";V.W» of tho thick et'70~ ~ ti.ae, 

tho PltapO of itu asetr>b apoettw oli4 tlto vedu:tioa ot dGoq ~ ol.oDe tM 

spec~ 2hte vW. help ~uotitr tbe ooneotiotJ to tblt ld.cr~W. ~ (1041 

pr:tMU~al Ct$ tho Dn1J ~tb«t a.p~ to bo tho lokmto C.-lo tbGcl. !bo Llt6p3 Jn 

tt4e prroe~ wo· ao follow. We aattullo a oom1~ntw ~~tal DAd th3t tJtl 

Wibt liaht if ~otolJ ®fN~ at tho flUltta=•• VG :f; 

a ttDt. ~ tc>tc.l ..Ud Bl~ in d1VidQ4 into ton equ.#.\ ~ e«1d tho 



19 

tl.~e photon w1U bo dtted l'ato Olfl ot tbe.- with equal 

prohobW:~. lhie ~aerdl th dlrootiond ~ of tM DOJ.OQ\dQ• 

Sa the ~. tilicb vtn t~ ~ d1roc~o ot nti ., Ia preot1oe1 

ho1Mor, ~ t.4tlo tlO~- (II a «<''tol ~ m dUf, t tiroctiOillf 

8fWe Ucntioal ~aulte. It · dco bo ttoQ ot efl1T ~~ ot tho .S.GOiOQ 

opoo'bua, and n.tW a ~rtain t-itlo, tho8 ttf) 'ftl"la'btoa olso· bobla dlvldod into 

~ ~ tatcrfala. 

rboeo tbi'oG 'fU'lo.blea ~ ftsod ttw o pa:tttoul• ~*)].~ ~~ lV 

toll.oWJ.no a toblo ot $"Cm\bl ~· (h4ell ad~ S::d.th 19Sl). eNG the 

oo1t:Ston ~ u t~ ~opcmdbs ~t1= eolffloi•' it f1uc1, 

end th!.i:~ Qlwu a flrQ$ PBth tw tho r.>b.otcn. ruo coa boo path, toeetbor 
with tho &r~ ot $01e.S..~ t1xt>1 tho ~tt)a <.tt tho ~ ~w molooult 

u tho ~ Wo noe4 ~ coui~ the ~ 1n tho ~- i8 \lld.ch 

the ~te11o 1e&. thtekt lt betlft8 1nt.ild.to !tl dil"'oUono aomal to w.a. i'hi• 

p,roeoae 11 l'eJ*'W unW. tho pbotou eaoepeo t.ro:3 tho Cl70tal. to obtain • coot 

natlatical 8tCOllft.CO' t.\ lUGG ~ of pbotou e:re tOUod ~ the or:t.tol, 

th$ vawlqth ot Jlooioa Q1d tho toW. olesptl04 ttao SA the ~ boiq noW 

for MOb t'CO• 

X. ~a tho Qbsorption coottiolct, tho row.tta ot ~ c.nd f.blel$ 

(1942) VOl'C uod. Sjaco t!to abaorptioa oootticiC\ hc4large vaPiaUcna ~ 

tho ~OD6tb b:»d• (ot equal de~ioa pl"ObabUt.tv). a volebtM n~ 

oootftoiotlt woo obto:lnod for oaob ban4 tv mnltl~ tho abco~ C'JOttioi<m.t 

Ex •' a:1 V«Nl~ A • lrJ' tho oeiUDicln btQnel\T X"}.. at tho a Vllft~ 

and thon ta1dJJa tho~ by' 41~ the WUS.:;htod U'Gt:l fe>--.r:>-.1). b1 tbe ~ 
fo cl?< 1ac1or tho ~&~~tho bond. t'b1o also~ tba 

~Uon «JJtfitdont to lh oriaf.Ml ocate. h roo1procal ot tho ~tl• 
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ibo of th3 ~ <Jeitted in the tw 1-a tle.VOlungth l"'glQfts, 

shown 1n ttguro U.2, ~ MOb tO\lJ'ld to bo ~trial ultb 4ooq t&JD• ot 

aJ.6 end ~.0 t.~OO;., the~ boinS tC'M tb:.) louge W'lo.lfmgth J'Qg:l.OA• 'tbo8ll 

J'Oea\lt.D aro 4)qUOl. f80D01<lerine tho ac-.ra<V ot th.J ooleul.nt:t.ou. t» tbo.t we mo.v 
eq that thOft 1o oo ~ t1oo of £':" e1 the ~ !M ~ w ot 

Oll'ltt•S.ona bot«rr 011enplq heM tho ~otal., a, •• 4CtO .Jin\'d =.4 tOiitA 

tl> be J..Q)., ~U'teo W tun nla * z-ot cn4 ~- P'tbf~ in P~ X0 • z-a 

( ... 4.-5.2~1 ~ K iB thO ~'\7' of NOqM9 fr«l tho ~~ the WI 1UMJ 

a = l/t• I to i\tuad table a (\Qa.r tt,• ~ A) to bo ~34 i .o. 

1/l = 4.1!1 1 vh1ch alloW Naoaat.ablo t vl.th tho calctlll·o.ted valu of n. 

i'ha ~t Qt t\oOJI1 wlth ~D\ 110\Jld '- itl~ U tltt ebtlorptico 

¢Jpoetrum we chUted to l~ ~otagtU ~·toe! b¥ Hti&bt (19SSb) ora the 

baste ot h1a tte ttl o:rs, th() cxcitot.i~ .,poctruo or antln' • i'M D~ 

et:lO\\t\to to oal7 stt., ~t dnoo WI) - ~0;.1 with th~ ovorlep of two poakc, 

ttd.e 'iU1 han o. eon.aidm.'ch'lo ettoot o.a ~ 'bo ~ ~ tieure u .. J. 1ho 

1h8hl ttld3 ot tho o.ttoot ie dittioult tQ th~ without ~petition or tM 

oo:1pleto t1cu1 :ti0h1 

a.t. D~.ata.acctu• 

In ()Nttr to eve:Lua.to tM quoatafj'l ttffl()~otll ot tho ~ 11\W 

SlWettiee.tiol\ utJine the t19~ ot ilrirht (19SS<Y1 it is MGG~ to know tho 

tl~oaftOG ~ u ..U. ~ ~- ot ~sttt1t.ne ~"• Qloo 

tbo abcwluto Gftloimq et .. ~ '' ~~ tJmuo t\10 t~ are 

GUttidet to rm4U&V VJO ~ f#ti<d.cmd.oa-. Ao~s to lft-ight tho 

~- f'ic1•q '1 lo aiv b11 



n 
vheH c: m and c: 0 '" the mieN end thick OJ.7&tal decq timGI!t; 1t the escape 

coetn.o1ont in thick C17'0tt\ltt and 8 a conoction factor depond!ng on ~tal 

conatonts. 2.'ho deoq t.1.aes oq bfJ mefAWl!'e4 d1reotl71 lt S.s (t1von by the ratio 

or the e.:rcu of the thick to td.oroc17&talltne tl~ooant apeetra end b has beea 

ovaluated b¥ Wright in the case ot anthracene. Ckloo tho ettioienq of nntbraoe,_ 

1s eetablishe4, the efflcienolee of the oth&l'" ooapounde 81'0 dtJtorm!ned aa follove. 

Shoo tho area~ ot th c1Ct-OOJ.78tall1ne epeot1-tto :t.e p;-oportionat to the radiative 

tronsition probt\bility p1 vo b.o.ve using 1. 4-41 

a.7.~ 

so tbet it q1 1s ~ ~ l.!1el' 'be &t~ 

In ueing the tl~oonoG sp$Ctrum u a menSUH ot the radiat1w tralloit10'0 

probabUitjy p a oori.ouD d1fi'iculty oriaoo as pointed out b1 Wright. ln hit 

pa.per ho ehowe tho.t the tactozo S .troaciT influence• the proportion ot the 

fluoraseenoo trom a apcotme that ie collected b.v tho deteotor • Ho ptdnts out 

that tho absorption would bG ~ bettor ooe.su:re ot P• S:lnce tho absorption spectra 

vera unfol'tunate]¥ not measurod. bf Cameron, use had to bo mado of the lpGCtM 

s-tbllahed f'O!' solutions (F.r-!edel Dl&ci t:reh!1ll951). lt was thought that the• 

ohOUld be simUo.r to tho o mhtlUr'Od for the &Ml14 oxcept tt:# a va.wlcngtb shift. 

lor tho e.bsolut.) detarzn1nation of q tor onthrtlccnct the f'l~eoonoe speotra 

oon be uood dnoo the thick and td.oro spectra 01-e nOZ'ZDa1.iaod e.t 1-a Wf.WQlongth• 

whore there ie no re&boorpt1011, so that light oolleet1cm 'ftri.ations 8ft ol.bd.n11"*l. 

F:lguro 11.3 oontlrlAa •Gpl.os ~t tho spoot.n obteinod b3' Ctmeron, ond sh0118 the 

etteoto ot roab~ on th spectra. !lhe absc'S'Ption speotnw 1a tak® trom 

Kortum and Finokh (191.2) . lNen fO'I' the m•o~atall us$Cl (•st!matecl from. t• 
known concentration of the aolution and the aroa o£ the etass al1p to b1 about 

J./10 JL thick) • thoro iB $till aomo reabso:rption, and an atteapt hu 1xten made 



2.3 IX 

to ~o1i tor this• 

1bQ conootioa iG ~ on a ~pa;ri$on t>f the BPf.\O~ntl mel rclatift heighte 

ot th• vil:o.-ational pow f4 tho tl.uoreseant epeoia'um &'long tho com~ dtudied 

(C~n 1957). A plot 18 r:w.de ot tho ~ativ. 1ntt:m.tt1•e ot the (It • 0' to tht 

Cl - 1' peak v~ the peak eopanticm fw c. ~r ot. comt)()und&, such ao 

anttwaoane and tM 'b<mlanthraccmea, that ha1'G olUod struc~a alld s1laUuJt 

s~tra. ~ ~te obtdtled ert.t found to lio on a wU d~ tM'W vbiob hal 

e.~ at the point~ apaaiq an41.J3 intentd.t, t-at!o. Pouts tor 

d.i.ftfitl"tmt spoo:lmenl of the Sl\tle oomp(J'Und toll at different poai tioa• tn the <NrW'$ 

dne to ~iat1one 1n thickness, indieo.tins that th~ w.s still n~ reab~tia 

<Wen td tb th$ thin specitnGNJ usad. 

It is tmacnsW that ell the· eoapmmde of simila:r typo should tl.t\w atmU• 

pGak spacing end intensity :ratio,. co tha.t tht ~tioa tor anth.l'aoene bas been 

mado on the basis ot the ~ ttgur•s givon above. !l.le o«>nocted t:Jt ... o• 
peek is nov obte!ne4 b7 plotting a pv.man curve 14th tm. ~u1oite in~s1't1 
ratio and poak to peak lilPf.lOinst tt.nd "11th e. h4'1f-width eqUill +b tht1t ot tbf ('1t .. 1 t 

peak. ·~ is Phown !n figuro Il.3 ~- tho c~tod peak, thown dotted, 1• 

~ to tit in wll ld.th tn. •a€JU1'od spec~. 

Zlo bae:lo :)f tlut COlTCOtion des~btd aboVe is not~ sa:tistacto171 btl\ 

:J.t gives sonc indication as to the ~ or the o~ection. Tho qu.eation 11 

ditOUsaed turtb_. 1n sootion 4.4, whe:re S. t is shown that tho eor.rect:tcm applied 

u deta:Ued above, u, In f'aet, quite eat:tstactoq. 

. " . . " . . 
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~ .&M ~~ tS"ua\IQlm. 
lfln,~QJ. 

ux. 

A 'blodc ~- ot tho app~tw:. l e uhmm 1n f1{.<Uro XII,. h portll 

o.utUllo 0 1.: 1'm ~itnoftt~ t:t~~Ttlft{l~t S.~ as foll.$s. Lt.gJtt ~ ll 

aodult\tG!l If~ (Df) ll.~ts& tho pho~ (P) ~ ~otltlr.tod end 

~<d.to• 1t to poriodie fl.~oneo. !tho modulated fluoro~etil l$ detootec! 

-q, a pht>t«aultt.p\lw (Pl~) c.nd eom1wtod tnta ol~~t\1. ~~. ~oso 

Oi$'l.fl10 ~ ~oct:U"lod (DI:'l) Ol'ld t!J(!at!'tU'o4 M indieat-~ ~ ((\ 1 G2 ) • 

DIG a~tue is eon~oatl,r d:l\ti®d h~ £0\U' pariot 

(t) A mcdul4ted U.gbt ~. 'lb.ts ~eo tataG ~oq\lUod to ptOdlteO ~ 

e.l.to:t.'"llating ~tatiM cf ~..o ~~ tllder oxtt.U$ti~ 8$ indicato4 in 

~ion 2.s. 7. ibio t101U'eo eonatoted ci' a g4e dlcohnrge tu.be tll'i ... tu ~ 

hie'b ~uetltV ~ oe¢1Uatt#'., 

(!i) Aa op'Uool ~~-cn~oor. \hie ~~ to dotoot thO l~t ~~ 

tho ~~$ or tho pboophw, oonvG.rt it :into • Glootd.oel ~<4 CD4 aapUfy 

s.t. 
(iU} A Ugbt fU.tw, Tbis fU~, \:thicll ~ ~ t;.., ~~ Olla. botw= tho 

Uebt $0\B'ee Md tho pb_o&phot, end tl1o otll.cJ1 bG~ tbo pho$Jilcw and optf.c~ 

dotoct-.1 vac l'equUfGd to atop ~ of t® o:teitlna light ~ s-euohtng tho 

doto~ t::mlli tt ~ :-oe91ving th¢ fluorooe<mt l iGht fi!'OO thQ pbo&pbol"• In 

tbic ~t mq be inclu&Jd 4 M'ut~ that could. ~t ott fJll Ugbt ~ tbo 

optietd. dotoeto»1 d .ec il'itt dl•l.V• tt> adjuot the !nton$11\V ot th¢ llehii 

t-eMh:lnG tho dotootor . 

(&v) All oloctri.cal ootooto~. !hio :recoim tb~ signal t.l~ tho eptict4 

dotGctor, oolocted tbr.l do~ f -.·oqUel'!OJ ~ont., l"'OOtifiod it. end 

~oeorded thtt ~ton (& t>u:lto.bl.e tiotw. 
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~ :lnd!vidu..al units Ro 4oso,r11tod in ~o dotailit:t. tbt tollm-~'18 

sootions. 

Ill 

l.'ho O«lt diffi®lt ~ ot tho ~ct1Qft wa b:rl.l~ o. $Uit~1G 

doteotol' • .t. foUr!$' hibh scna1tiv1tq wn!l ~ ub1c1\ de pi~ .fl"ot~ thO 

d!aobt#go tAabO oseUlGtw fAd ~-t OQnfJ$.~ tlon. !tho £1.J"Ot 1llllt eon­

lutrue~ tr. tho dotoct1on ot tho Vf.'0.711'lG ocmpon.ont of tho a.tlt1p.U.~ GUtput 

was a.. tbroo a~a tun<x1 ~.f. pUtiot 14th dtodc ~ell"'CtU:\ce.tio:t, !b18 

unit U8$ found to be 11a..blo tb plt.ik...up .U ~o$1l e.t:tou,. md vt.w ropl.~ 'IV a 

M lltaBO pU.fi• ond h~o Ul'l!t. !b1D unlt al!!iG ·~ &. lot of woublo 

~ \1$8 ftnal.lv ~"PlceOO by Q. GO:Apnot r.ud Vftl'/1 w(41 obielded bote~ unit 

vltb no nopU.flca.ttob befot-o ~, wh!oh profOu cnt~cl¥ o.a'tttcfae~. 

'lbo dieobaraG tube o~lloto.r (or~ ooc£llator) u."l)forttmeto:ty ~cv 

in st$1!0G co now doe~ \fOIG l'-"'ll11-ce.i, m1d doee 21ot reprosent on et£1cient 

cnrornll doeie;l). tho two r.:ult4p1ic.»."o nvailM\e .. (R.C.A. 5819' o re.tea. l250rlo1tt 

CW'OI'oll) .... 'WCrO both t<.Nnd w ~ unctt:lbl4 cbovo lOOOVolto o?orell, llhlch 

~ tho ecdJl. W&Unbl • llalc»~ 1000 vo-lts; ~, tho filboa VO!ked VQl7 

well. Md.nn· cmpplq 'fl®.attaa ~e V&f1' trQQbl tmcl ne~dtate4 tho 

eonotruotloa en4 uoo or l"lfgula.tod power Sttpiittoo throughout.. lt JOt ori.glnally 

thc:fuabt thnt the rt~ .of ao:.lulat.'t® of tho lieht ~uroe oboul.d bo tw!e~.J 

tho ~:ring fttoq'WXlt; ~ tho· tube would f'SrQ tviee i"e o&Ch ~o. With 

tbo ttlbtJ doa1§0 end ~¢e u Uil«l ~~~ ~, it o f~ that tho 

tube ~ tm.'J¥ once 1n «ltlb efalo no flhow 1tr tho ec:aeo:ntration of thQ 

61ochorge •OIUld ceo tJlcctt-odtt. 1ho frQ<JU t11 r::4 d~toGUM wt n~Glocu~ 

kopt ct M~ tho c:lrivi.tl$ Kroqu.gncy oirlco, t00ra woo ~ l~GO ~t of nQCQ:l4 

~e pcooon'i, in tho Ueht no lat1te. 1h1e ar~t had tbo 

Qdvc.nta{.ros tb t tho do~ wrkod at cliffo:ttont fHq,~ 1':rcerl. tho powo,r 

oocUlo.w, vbich ~ pt<m-up v:ct:¥ tmbGttmtilll.ly, .t.!lld that tho c11aohareo 

vao •U ~trntoct_ ~lioh mo.do light oollY.Jt.ioo and !'o(JW)oing lli\loh oaoicr. 



Figure ll· l Power Oscillator. 
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Figure m·2: Discharge Tube 
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a,z latt A"Ns&j~w= <lsia ... a nau, .. u 
~ ~t of tbo ~ occUlnte to cmown in i'iguro lll.l • '1 lo 4 

P.\t#¢o O$eillAt®a <Jrt;atol eM4-ol1od to as~ froqtlQn¢1" sto.b:Ultq vith 

l'o~t to tba cletoow 'Ublah le olcc e~.10ta.t ~onttoUod, Tbte tyvo ~ 

ob'eul t vas uooli o.:ltteo it hao tho doo~J.'abla proportq tbt it tiUl opot.o.to 

\lith Cl"'JGtnle of vldol;v <l!ftorlnG ir~~& .(&Won 1953, p 213), oo ~ 

u1il0d !n tlds t#Otk. 

Ch tbo ~tel fundalaefttalt 91 «mld dr!'fO tho outp.at tub$ V4 ~-toly., 

but s4ne<> lt vno t-(!!(f.W,.od to lMk • Cf'30ta\ ~ce .o wll, tbo ~llt!.GJ"Jt 

f2 tmCl Y) wotQ 110000~. ihG un!t wao copQbla ot dd.vbs tho dilloha.?so tubo 

on ~oclcG up to tho fauttb 4t lOQ$t• vh1cl1 VB$ ~o ~ otlOIUgb. 7o obtcia 

l.o;rgo vol.tsgo Stling at tho output, Wich lo noooo.t:1Ql7 to tuo tbo 'tubo at 

tho proasuroo usod; = ont.pQt \l'Olvo Qt f&$l'J¥ hidt voltaao •n.t.1nu S.& ~· 

J.t10 .t»Gt tru.ttebl of thotJ$ ~vaUablo we f'ound to l» • 813 totro&> \olhteh 

1• t-at«\ n.t 2000 volts plate volt~, onfl C~V be uOOd up to. 3~• t full 

ratinlJII• As etepl~ a 3.31 it. wo noo ~ to "tt»r> tb.o plate vol tase ot 

thO 6lJ 00 that two~ ()Upf'.lJ.oe Wf.lr() MCOODal'7 .. "f# tho~ oooU.l~toJ-. 

l.~ Dl~ 1\lka. (It 'A UURi ,IIi) 

\h~ deG!fll ~ tho tab-a w ... inflwm~ tv tho o..'""ittJ,nal tuba uoed ~ 

t~:ttlc (fhcsS.s 19$3). '4b1;3 wno rathot' ao3ll, tb cloctrodo co~ation 

ot about 2i • A t\Ucb btc.:~ tubo 'AC. r~ to QGt a bic~ d1cabarso md 

to d1&3lpato tw&.t ~ _1'oot1v?l:J'• T!lo tuba is ~in ft · III.2. 

Point · vlActl:'odoo _ a:>u t~od ~4., tb,Jf kt.'J)t tb dt$obM'CO ~ to 

tb$ point cf tho •bot• ole~, and ao ~light collae'ttCift ocat.-. With 

a point ~ntion ot leo. ~ p:o~s ot 5®t. o~ ~01#7, it ~ fouM 

difficult to Wtitt.te tho c11ocb$:' • 1'h~ ~~ uuo th~oi'e rotltlcod untJJ. 

tho tuba did StrikG sad than in~- d to tho t-oquil'od veluo, at tho tJtJme 
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mijUDt~ the d13 voltotlO to bap ~ dbo~ o.Uw, An ~l:u:et!nium 

qlin(l<:lr' ~t!in6 tho point.a end c~tca to tho ~ cl~ otldo 

tho tube atM.ke loss V!ol.en.~, :M elDo ~ o.o ~~. 4 pS.oc¢ O'it 

tf'OQ tho oyl SAtter el.J.tAA;)d tho light to ~8$ throutEh tho p\G.f) W!ndw 

ca:llmtod \() th-e t'ttlw• '1\ro Oidf'> tub-95 nll~ ~OJ' tiM ~t!oft rmd 1nl¢t 

ot ~. The ~ pro~_.o ~ S«'i of ttor®J7 WM fO'Wld tQ bo a 9Uitohl.O 

e~oo botVOUl ~ or ~ot1cn1 \!llt)h !1 eMoo, oil Ucbt output, 

ubich ~u vith ~ o1' prcm~e. ~..lrO W .3 GhovtJ Yat'1 tion 

\11th prooeuro ~f the l1r.:bt ~ ;tion ~"W«l t1;' tbo ttto ~ant ot 

th¢ 11rht output '4th ~~ ~ ·~~t kept a~ ti."Wd ~t'o• 1ho Ueht 

£l'®l the tubo \100 fo<SUotJed onto tho Dpoe1non bj t\ l@o of ~l.T ~GO npa.rturo 

(tOGill. l.CXl6th ®out 10=) to ooUect eo much l1eht a. poaeib!Q~ 

3alt ..• ~f Gd,{;Maillfll .~a.. (Fllit d.S a U«W'a ~~) 

lt 1n tt.Gt)OI&a\7 that DOOtl or tho oxei't'J.ng lt:;tt ohoUld ~tho 

wtt.plt.or- whUo t.t 1G lookil>.s at tho ftu.er'OOccet Ugbt. s~~. 1n gcnaral, 

tho 1'1u01'0aoant licht is at~ lmY'Ol~ than thO tlXeitma Uaht 

(Stotoo1 lGiw), tbio oq bo $e'blCN\l~Cl ;:q tbQ uoo oi' suttabl~ optiotll fUt031-o1 

ca.o bet~ tho opooJ.ncn. to we.ot'illt ~l,<mstha Up to a O£t>te1n vd.uo. ®4 

oac attar to ~t Obl7 ~e thio volue. 2:ha «l1.y $U!tahlo ~utica 

4vcd.lablo CQOS1:t1:i'Jd. tJt A CluJnOO <X! end L\ \lattcn aJ. ~ 111,4 above 

tho W'$lGt11e.1• ~ton::rtio• of thooo 'We tUtet's .a d&~od utth • 

BookcWn acdol W apGOt:rophotcoot<#. 1'bf.l \'W'tlrl¢£P of tho 'M ~•u::oinoioa bonds 

1o noon to bo ~ .. ~ tn pre.ctlco thO lleht l~ w. f'tJU;lld to bo 

t106Usiblo. ibo til tEJr$ VQto tootod to 4')0 if they ~ ~WI 

fluONcocn.t. ibis vas dono tv ~~inS tho cl~ ot codulatioa ot tlltl 

t'W!tins light wh® ~n- tv tbo nul.~pllor disf~ t'nd tbro'uRb tho bm 

i'Ut®o 1u ~. Jlo ~ietmt <.':iffct.'OllCO wo f()\ed, but it obauld bo notod 
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tbtlt ~ tu::,bo~.- ot oth~ t.U~a ~~ y-.•tioult.X"J¥ ~ beat ~atm. to 

obt~ 'tbt.l rot:&d.r"w-d ehawotol'i$ticD., 1tlN ot1otlgly tluo.roooant • 

., Qp.....litlet!O \me ~lioct en Q. .Jlidinc e'414~ (SO b ti~ ltt) GO that 

~to :r~ could bt, teken on tJlo nuor 'a:mt d ~~ Ugbt. 1ho 

O'tot.."'-" 1 ~ !11 a. ~ l: J.~~ tittcl o:nto tb~ top ot tho oult.iplJ.ol' ouoing 

(iiC~ lll.5)1 two MlotJ nllcv«\ th'_. iJ.n8 li~l't in tho tlUOX'O«tC«li; 

llJtlt wt. ~ th iio~co lmoJ1 bolda 11 e ~ 

(S 1n ti,euro 1U) tlntl on 1:rto ~ (0 ln ... 1 o Ill)" both ot ubi® could 

oo ~ into ~td ~t of poeitico. ~ n~ eQrlrud to cut off tho ~ttns 

light t: im cpcc£c-,~a to give zoro i~ "Uo to f13 lit.'!bt. 1bc 

#i.o ~ ua:1 \lOlA to adJust the tn -Gitv ~:>t tbo o=e1t1nf:l l1eht won 

tilio . bo1aa loQkcd at 1'q tb;3 t;U1t£p.U.~ d:lrootl7, tSMo tb1o !ftt~tq tl(ld. to 

bo e:l3uetcd ur"'tll tho ~c celll,o:lO!l' ws 1d0at1~ us. tb. tt-;a.t obtoiJlod uith 

the 1'1uol'OtJ®.."lt 11d\t (BOS 2 JJ • 

2.1 ~:t.ld I= Cf,L &11 ~J&T .. IU). 

r.. opttoal ~Wllloc.W~ a photocultipU.e# we usod, u 

it ~ tbc.J tun~~ana of Ut,ht <lotoo.W.., ~ te ol~til sitlnalt 

~ amplUtcu.tion. It ta atoo e 'td.do bd ~ ao thot oi~(l].o ot QOtlp1.ox 

Mpt4 mll bo o.cfJl#atolf ~duood, and tbu outplt io propem'tion&l- ·to the 

Input for tb1) rc:ngo or ~ts uood. 

~ bol)t m.al:tip1.1o.t' e.vaU le tor thls '~ o on GJ.cotrootaticoll7 

f~ a.o.A. SS19. tio 1ftln 1".1.0Wltol-vorit~allg on th dotootor cbG®i• 

tlnd o~ b7 ~ lleht-tl\ih\ bW&sa qlln.W ~oo c.1ao sun~ tbo cpoowon 

bol• (~ lli. s). It urlO u.nf·orttm tolY found that tho two tuboe o£ tho 

~ 't3P& UClCU$bl¢ ~ both u.-.,etablo \fls '(W<)l"Qll epplie<l wlt4{(oa 1n aoeBD 

ot 1000 volts WC\t'o Qpplioa. S!neo Tllooo -tubon oro ratOO. up to 1250 volts, this 

1:apoO¢d (!. S¢1'iotU). 11..~.1 tatiol1 fft tho €nin avallnblo. \biG iu~bUi'f:V vat 
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Figure m·6: D~tqctor Circuit. 



F O'b4lbl'y duo to oa.o ~ of in~ btt~ ~ t o I'G~l\ti.VO •~ 

&ff~to (simp end f&Uq 1954). Sjnea tt voa c«lf'ebient to adjuot tbo 

cultiplJ.o.r 6dJl "'v~ ~ cppl.led 'VO!toao,el oomnb0;t inaonVt:lnloet to 

ctnbn.tso tho Sndiv1~ "ll!tngoe , tho ottuo.tton WM toloratod: .tfi4 ~$CUJt:4 

d&toetolt<m$1tivlfq USOil. ihe ~ ~ ~tto oblold not uG«l 

ao 'tbls ~~tho ta'td<m-01 tc 1lwtab1Utr,·er.&d1to abaanoo did not. att•t 

tho oporatiQU in l!#fT VftJ'• 

,l,g ~~ tRw._,. £1q;tp iQ). 

'lbo ~t 04- tho bo~ tkr'~~ io ... ~Olll 1\1 f1guro m .6. 1bo 

OOOil.J.!l\iolr V
1 

ifl C. ~Q.~~plnte eirauit \TJ.th tbo WJ&t.l U the 

~id ~ cueuit {~ 19511 p 429). V«tioue C1"9'Gtalo could bo u.oc4, the 

Vel.U! ~~to etvo a ouitJ.blo hlt~. to ~uencu vith the Usht 

~ti~ £rcquonQt. ~ outpc t tho cucilla.tor is ted into A tunod 

~ifi f2 that ~ be 'ttm<ld to tm ot l.J 01'70-tnl !t.arncrd.e• to !)iYG ~ 

suf.ttibJ3 bis}l t;:equc.'103' tor~. ~f) W$ ~G~ ®tho «iJ:t '*7Dtal.S 

obtainable ver~ 1n tlw l":t160 ~D f4\d it~ ~to VO!'k SA tho rengo 

15-3Ctfo/ • 1!Jo locbl oaeUl ~ ond =tt&pU.o.tt ~el.P _ t.baa. tod onto tho 

control~J;l'it4 of o. p:mtod.o t .,. 1131 ~o:to ~ ·oir'-auit ~ tunt'wi to the 

1ntormed1ato ~uone,. ibn t .r, wa::l thM atlp111ied ,. V4 Cl1'ld t'OOtil'1.od bt 

tho ~ol dim vs. 1b t.holo unit WD blU~ into a. VOVJ wll. ~oltk4 

c~ 1xGt 9D4 th JA~al ven:;~.1ndt11ithlolly oh!oldod. The unit we twoo 

to bo JJtnbl• end rolieblo in ~u.tion. 

1o'; a dctl®t1<» ~ :!5c.n. on tho outplt gal~~ (n tqpicul volue) 

blPlt tQ tho~ of latrv. vne ..-~ . '-'do a<#rOBpon&! to a ~tipli~ 

~ant or~~P·· e:cn~ t() a~ ~Cilt vnluo ot Gbotl\ 25JAOttP• 

1bo c3l$)\1vitw' ot tM utd.t !a Ulunt4\"(ltod tw ·tb.G OlU'T® e£ i'ittn Ill.7 vhioh. 

g\,YO an ~au n of Ql,out 100 ~eh is quito Sdtiafcotot-:~, ol~ ~ 
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30 nx 
roJ$0ti<m 1t:: not "'ff'J:Y' aood• tho ¢hoi.ee or dtr»e~46 tub$ ~ttti«t 

,froqUQ'lq foza n p&t~tioular orU()ll of ~ t s 1:84o ou tho bc31• that 1f 

1t1 OqUUtloat. ~.S.l6 vo t:mlt& (1 • tf)?i = M,t.o. K o 0.'1CTI, tb.s 't mll be. l~t 
consit111e to ~ m m~t or t.f and ld..U. dopond DO!~ on w vh!~h l• 

~atol7 ~. !bio to tJhovn by tho plo-t of M w. 1: (t!guN lii. S) rw 
·~ ~cul4l" ~on~ (a,.cfc/ :S)~ it io eG::JU1 ~ootl ~t tho ~ 1a 

s~poot !n tho 1-Cgl~ vhoro M e 0.7ffl. !~ oith¢1' -.d tho ~ le fttbe'P 

flat, and QlB1l ~tiona in M gtvo lc:rgo ~atioiW 1ft '1; • For tho ~'~ 

ot ?:: enCOUb.tot'od ()..30.10•9 ~.) this at o 4 t ®ctW' r so of 6.6 to 30 Mc/s. 

tho ~olo mdlablo• ~~ ltr-J.ted thO 1~ hoq~ to fibout l3 trc/a, 

l.'' ·'- aMwUAt• <E.!l ~l-,a,3,,.sa "I'D m). 
Duo to raa1no nu.eiJ.latletl• cwnci tho noo<1 tor GQ04 ttabU1t7 ~a taU' 

pat'i~, o11 tho pot~ euppU.q uecxt VO»Q ol~~ etab.U10Qd. ff'Nr 

unlt!J veo '"oqu!.rod, <*O ot vblcb "" tho 04t1pUer eu~ • vat c®lltru<)toi 

b:f ur. a.n..s~.. ond van n cow o£ tllo A . E. R.i . ~ tqpo lt:tfl un1 t 

(.&' ,s .-.;) . •o otho.re ~ as toll~• 

(1) A 300 vOlt, 100 m, aup~ to:r th~ 4otcctm: to n •t~ 

l~totv des* (l) .~1 ·4). 

(11) a 450 volt, 1~0 nc. so.pp]T tw tho prNC1l oacUlntoJI' ( -:cept 

ou"pUt tubo) ftOJ:1 ~ and Sande C1949t p 3'75) (P.S~). 

(W.) a. SQl.1S·OO volt* 200 t1C1. euppl¥ fC'Jt too powr ou.ttut tuba 

ot tho power oecW.ato.r (figu.t'(t lU.9) (P.S.l) . 

Wltb tho mtorlGl o.va!lahlA; tho douie'll of th!.~ u.n1t ~ sac~t 

dUf!Clllt• S~o tho ia.n~a tubo \,UUld ad1fleuiob it tho Sl3 plat¢ voltaeo 

waa ~ 11Qt1C.rltQ-Uy ~~ tll(.t outpat ~ to b$ oontlnuouelg ~ablo. 

1bo ~ Sl01'10G l"O@l.l.o:t.Ql" t\tbon ~c.blo, bo\IQVG'l'.t vet'O 1'qpo Sf1'l (mmdmutl 

plato Wl~ 750), ~ thnt it uru;, nooos~ tG uso o. varlc.c on tho tt-anot~ 
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31 tn 
~put oa wU O& tho ~ ~nus of output Jte.rl.ation (~ti~ Gt tho 

Qri.d tap of thG ft.rot &tcg0 of th$ tO()~ ~ttor). ~~ uSing both 

ttol•• it \ron pooO.ibl.e to k op vltbSn tho r~ns ot t lto 001"1oo tubo. 

1d .Qa)S.tdUI At~ 'iss~ QQ.l~Jiil. fm.Ja .ft.QiJQ IU}. 
~ gal~~ ustd to~ th ~41 ~ont of tbo 

oultipUc:r •tpu.t ~ n O~dgo spot flO).~ stVi.ng tuU ~o 

dotl.octi.Cll't. tar 1 enp. ft.w .:r~e we ~ tu the tlakt1tt.1 to be ltno• 

to bsttctr tll$1$. ib!e \1M ehookoo uat.llg o. otmplo ~t llith ~ 

~osbtoncot1 ~ tbo !fflfl'.ll.t.B oro ohow ttl~~ Ilt.l.O •. lt iG 8~ that tho 

dofleoti<e l• Uno to bottor then 1~, 

Jd B¥aa:4\~1At ~ a rc~• ,a&.~. 

1bo ~Mo~ U(K)d vere obtcl.nod i'r<a t01J14' s~. b lora. cu'bo 

cr;ntala vcre ob'~dned &«:a tb3 fctao tin.ol~ Xw3~t eo. • Mi Perk~ 

Now Jo:-soy. 11m oth~ JboQJ;hots, tli ~ tOi'm,. wo:ro o~ b8 

~Tot. J.:s. B.trke trta~t; PNt. :r.w.Oook ct Gl.a.o€0'1 tbi~itqt ana frcft 

h'ot. M.S.N~ of tb1o Sto.to tfnlvm-aitu, to~ 110 oro t~Ueb indobtGd. 

A dq'o (ooo1n) uo for ohoold.ua tbo opsrati~ ot tbo apparatu• on:;p.U.od 

1\'1 Dht!llat ·on ~auoto lnduet1"1oe-Eea~ n Kodcl: co. Sho 1om. cube CIYstel• 

~ uoe4 «l oooh. Sl& ~d th>ophOJIG ~ ueed to-t tho pam~ation ot 

td.t.\l'O~tcll.if'o lt.\1'0H doposJ.tod oo glaata Qlipo 1;t ~t1cn t.rco oolut101n. 

i'bo i»lvente uSExl Wl'O tbtl pa-eet obtd.nnblo ~cUt (npotroocop!4)ta.l;r 

}'nrO) onCl ~ supnl1od ftr !Jopld,o. end. hU11 :9 Ltd. $1d bU\cn ltodttk Go. 

'ibEI pr~tlflll of tbo. opoeltxms WL'.S done r~ b3' , .. . A. :J.U.Ocmorou 'With 

\fl~oc the nuthotl t1e0 coll~atJ.fls• 

3.1Q »M• Dm t~· 

Sbo ~t;, 9Jr t).1a~g tb0 a.~ t4llte ot o. pho~ wo u tolltlNB. 



li:t 

~l~ ~poratua ~a rtUl up cntl cllowoJ to l"'Wl £e4~ ono bout' botOJO JOOUSLl'reeunt# 

tJOro tlto.rtcxl. lble ~ tLll int.ttol .fluetunttona. ' a.1.n.1.f duo to t.bor"-...al 

ef!'ooto, to cl1on~. ~ sPQOkGU wo th· b60.l.~d l\1 too olldine a~ 

M.d ~sod to tho C£-eltina Usflt, tho tw rttO'to#' (lieta boiiag tlGt to oulttlbl.G 

rane~o. \then tb~ tw ~e ~ ttlo4, both ~o ~ tcl«Jl s<l thee 

tho chut~ olo84Kl t4 al'/Q the 11~ ro~a. the cltdlnn ;Jtnso ws tboa 

~ w tho 'dbteot• pot.J1tton, thQ !ri . di.a~tfl in&'lt'tod in tho llaht path 

ena tho Clhutter opsn~ 1b$ dinS'k'aam VQt1 ~ ~tWtod to as.w thO 

o ~.una <!h tho motw lndtoe.ttna tho ~ ~t· aa bw.i ~ 

aot.oe1 u:l.th t.bQ t*'oopho.ro, · d then tho r~ ot tt d.Uoot ~ :t 'fll'Ob 

tokon bo~ tho ttfO coto of )tQll.dlnQ& ~ ot thG ordOl" ot «&e lll1m.\to so 

that AO GOl"iOOG dtU'to W'Or$ liko]¥· to havo ~fd. h ~~ -. 

~ tiw tt:let ~t lO&lDt. 

troD tbG ~e tho ~~ M (soo 2.!>.lS)wnc cmlucto4, it ~ 

uov tho %'G,S.o o.t tho two atot¥\y. ~ent ~~)u tho ~ ~ent• 

~o udjustcd to oo identical. 1ho tao~ (l..J}lt lo ~'*tl3' round 

ltv e 3D.O ot Q GUdo t'Ulo 14th tri.~'"iot.il ~cle• Hlattng &Jnco • co.ine$. 

~o c.u i~ ktlo.ll f'tiOla the _,ctal ft>equ¢meyo, 't' tiiCW bo ~. 

• • • • • • • • 
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lt2 llollo.ont~ 
2' t~tl'q'l 112 ncr.mo.ntbr~ 
3 • tbt..eyl 1&2 lfa:mun.~~o 
4' Motlwl 1•2 Dannantht:'~ 
3 fotl\vl lt2 Bcnc~e 
4 ~1 112 ~caoeno 

5 lt:rbl\Vl .112 ~~e 
6 ~~1 112 Dm=o~ 
'1 Het.to'l 1•2 ~~Q 
6 ~l ls2 BQr:w:ln~t;QQ 
9 ~l 1t2 ~(~).$ 
9tl0 Dinotbjl lt2 ~t~~ 
2 •16 D~l lt2 ~c.ntbraomc 
~~ • t7 »motl\Vl 112 ~thr• 
3 •a-6 Df.m~Jltl. 112 ~snth:tr~o 

2 Moth;l. ~o (o) ~tb:.'rmo 
.3 l&ltbyl Doa.uo (o) Pbo:r. ~ 
4 Metl\11 bee> (c) Pbonan~ 
S Motb;rl lktl...~ (c) Phen=~ 
6 Me~l ~ (e) ~t.bcctlc 

lt2t3i4 DibonnanthrceQJlo 

lt2tSt6 Dt~cno 

:J Ketbyll•2•S•6 Di zenthr'BtY....no 

9ll0 !') ~1 An,~ 

3•4 bm~e 
~ 

Gbr1a 
lt4 Dl~l Duto.dio:tto 

7: in "JG'kl· . . 
t1 

I ::.tt Uaht r.odul&ti® t.raquoney in lW •• 

11.6 
u .1 
10.1 
13.7 
15·3 
10.1 

l:!!i.O 
2.2. 9 
a.a 

99.1 
10.1 
,.2 

15.2 
lltl 
U .!l 
17.7 
:tS.3 
19.9 
ao.9 
20.6 
'1.9 

lA."' 
!2.~ 

6.1 
S,.6 

. 1/>.; 
17.6 

'·4 

S = lb1'01'<l'l106 w ntru.otu.roo in .ficm'U IV. 
ft.w detCtt~J.nat1.<SG f w caGb ~ 

t 

25.'1 
2, .. 7 
15.6 
1;.6 
15.6 
1,.6 
1'.6 
15.6 
1S.6 
1$.6 
lS.6 
1S.6 
15.6 
15.6 
1,.6 
15.6 
15.6 
15·6 
l!i.6 
1S.6 
1$. 6 

15.6 
1S.6 
15.6 

s 

II 
II 
11 
II 
11 
u 
11 
11 
ll 
II 
ll 
II 
II 
IX 
Il 

xu 
Ill 

xn 
111 
Ill 

1 

X 
I 

l 
n 

' ff 
lX 



mazu .. 
&lC)f,a dulla~lrrism• 

, .. ; l .D'Ial:teQ· 

3l 

~ tinal ~to ob~..blt34 ~ton 1997) Gl.'e giWI) in Wdo• A cmd B. 

In ~ OG$Q O.t lOOGt fj:CJe tlJOO.CJUJiGtmto VGJIO ttadfo1 8){1 00 001DI ~13pbo:re 

~ o::ac u~ a. t'Jl~ ot ctt.ftwant apocm~~ 1n thole ~. tho totot 

~ ot ~tiMe 1D ~ Otl$0 io ~. i'h~ rooul.to ~ vo jv.ot 

thQ ato:r~ or 611 tho ~ ao~o:w. 1bo ~o C)f' tbo 

Jiloo~ ~ ~..nta ~ witbir.& tho l'U'l8$ 20 ! 3°0. f. tJ 

CD di.ft~t ~ f!PG quito ~i'Cant vari.o.tiono t\tJ W:ustr1:1tctl in 

not to t4\rtatQ o:o ~~ in tbe ~ntua e!Mo ~•tt oo. tb41 o 

o~ could bQ a-~oar:t. ?o(UJi't'>lo ~s tor tho~ ditf~o• Ol10 

d.t~e«lia 4.4 ®.4 4· '· Au -~0 o1 ()DO ~t of ttoodt.n8s 1e ohotal ta te.blo a, 
'ttd.fJ J.a ~ G,V~ OXC4 !plO $ld U~ tho to rt.Wt;) tluetu~tit.m$ cbtQinod !a 

$\J't of DOG.SUrc~to on Qa\O ~i(.rJlA:J o lp'l.o. 

Ae2 , .• Siac'k &Qm&U tmd. Aofl-=, 
A o01."i"'al.ictlt ella$ ®. tho op¢t' :tion of tho u ..pl'J'a~ 1o tho ~as.tl'$:t®t 

of o dee~ Utt~ t4"t io e.lloat\1 ~tol7 kr.m.tl, In tho pe,at., noat Vl#'k 

haG l,x)cn ~ CWJ. ~o dto soluti~D d rem GOrJO 0: tbtJ$3 tho dMq t..i..mou 

appo• to bo vou ld1own. Chtl imOOio.tolg tmdlablo !n J)Uro tom vas ~~ 
m.d tbio lie uaod 8$ ~ obock. !lbo ~oault <:{' tbio ~.cnont,. toaotbozo vlth 

tho rooolt:. of Othfa' ~Gtrti~~~ !.0 Elho't:lll !n tabla D. ibo egr t ie V01!/1' 

flJDtls.fac~ Md S.Z.d\eo.toa that tho nppsratus vao vol"k!na con-octl¥. 

l~ a. phoop~ ·QQ · :ilioh n lorao ~ ot ~to~atiClftO vato 'lltl&J, tho 

~tnttotioal GW~ lft\S obou.t H 'Wht.cb to ~t to bo auo mainl,f to nu~tuatiODJ 
~e . 

of d!ocbtwtto tubo li"'ht fiO:lt.""'C'• Tho o or tJOU.'""Coo ot orror voro tbo traq~e,y 



i\1!& c. 
Example of Actual Experimental Readings. 

sw~ nt(~Dtll 
. 

Altt'lm!ltins 1} 
D~(d) tho~~ (p) · D:lantll lWp (l..J.f) 9 (; . 10 Bee. 

24.6 S3.2 21.4 0.1.6) o.096 23.S 
24.4 52.6 a .G 0.464 0.006 23.7 
22.9 49·9 19·' o.~9 o.soo 24 . .-0 
21 .. 8 4?. 8 lC.3 o .. M6 o.a9o :?.4.2 
23.4 fO.S 2"'.a OJ.S4 O.S91 24-3 
22,.4 4(!.7 19. .. 2 o.l;6o o.oc.s 24.0 
21 .• a 4'1.6 13.7 0.458 O.,e$9 U..l 

' 

l~tion frOQ~<;y #1: 12.050 J ~c/ • • 
tm.,.~~ ~~uruey a.0'72 • tr.? ri!Aia. 

(; = J~ .~.ttl~ l 

c.uM 

Ll I 

Autbal' 
, , 

~ 7; .io' ~~~·> 
Ph~ophtw hosant Sirdhoff (1940} !~oks {1938) 

. ~ ....,~-. MPI 

-4 3 
li'ooin (10 c:t/ctfj 4.'13 4.?0 4.'10 eolutl.QQ m wntCl") 

iiU~II·'- fllillilrll •• 
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fit J10!tula:u.-. .a. tho l boo.:t:t"F ot the ~w. b ~los ..,.. 

aU ~tat Ot.m~od and ~. to 'be'ttor tban 1 pari in tr1 , 110 tb4t 

.._, fi'CD thtD ~-~ aoglJ.O.bl.e. r. the fftoot=o tho Ut\~1ft of 

iJbo -~~ wu eh~ (eoo 3.8) end tow.ad to ba U..o;r to bot'-~ 

11lt tho photallti~ .. 1IOrO d.ltti<mlt to ·~ oM JtOli®CO baa to be 

plecN on tOO ~·~ data b~ tM l*~tra wa.a lltaow 1fll:tJ\lt.\ spt»>Ui~ 

lim1W• Jroc tboae ~.a~ 1t. van dodltood that tho ~ wo of tt. 

.wcw3r ot 2$ .. 

lt was alao ~oW.._~-~ to ®tondM ~ tlw t»dulotica 

ot tJ\9 Ught ~ th" dlQ\1htl'fl'~ i'A'lbG 1'Jri..o.d with wuo.l.~ It it did.t 

GWOh~& wwl.tc voul4 bG ob~ duo to the ~C1l(!t.h ~dO of 

01'1fltt4 ~tit.&, tf.l.tQnt and dtlp11c:lt l'Q~.._ fo toft. th!Ct ·tba 

uocm1s.tl<*l lim) ~ u1ng ~U.'kro \ib!.oh a&r4ttod titt~t ~trat ~~­

to the sltlplior• ~ 'ftrl!l ::aa11 'VW"iatt.cao wri t(M)4• but gG()4 ~t 

~ ~ dboot 1tsht t~md tho.t ~ tho u~ fUWJ' (Clumeo 00.) ,.. 

o~. li would lf)$0 ~ thtill'O to n ~ v~nttQD at val!¥ long wa'NM 

1QQ{!tba, lllt ~ ~ ~ant ~ted ~u.s. t.b$ ~tlot'l(J eH 

n~h\(J• 

·'-" RBsul.w or ft:'OV'10Wl ~i.~~ ... ~. 
~ I U U IP JJ1 J "l.' r ·t P. _·y h J J :fill :•Jf11 un · ·;;u;,t I)§' •t 

. ~ l'Gcul.tt.t o~ 1.\lr oth.- iuv<'~ottc•~ ttl'O .elven In tabltl ' • h 

tNo rove~ «t.lt~aoono at tho top or th~ tt.\14-o a;lw ~to tu ~ (uppQI!') 

tm4 t• OQn~ttll( ~-· (~), oxeopt in tho o~Ut3JJ Pttl'ko4 (g). r. 
tho~e tht at&to ot th<t ~ wcw 'W'lapoo1t1od., 10 tho.t th$ ~ ?olu.o W 

boea ~ Ia both ~.. 1\c:to arc tov ptbli~ Nwultc em tho 

pbototl~<lO ~ tJ.ttou QE t#gcnlO pbo~1 but &VQn ~ tb.-1 

dUtwen~ ~ 'fiTI:1' O?id®t4 \'ho 1.'$~ tor ~" ditter<moeo ~o U<lt 

~ to:t' ~~ bGt 010 t»flt ~obabl1 due to impuritloo. lt tho !n~:tto 



,, 
~ n~u<¢>o410o.nt, OJ.• b~'?e 4 chortor dQCtW timo t1u:a1 tOO ba:tt 1 thOf v.U1 

~the O'r~(ill d~ t1S39. 2bo oomr~ao Id r~ :t.mpur1t.tec with a 

lougw- docq t • 1ho caoo of c~aeo.'lo io a ~e. Ufdnn tbG 

etno lot <11 en~ ond r»l~ (~l ) usot1 b1 !¥.rita and Li'tttl~ (1953} 

tho aonc deoey ~ _. ob'ba:i.aod ·U.l ~}. Uotng spo~n<»p1c&t.~ ~ 

~'VO!lt tho ~ ~ i"CilAd to b.:> 6. 4 tlf~• Sinco tho opo.otrftl 

~~Qr.f of tb$ 1~ ~ V$#0 tho ~ ,., tho:JO of a p1Ul'G 

cpcci:len,. 1.\ ir.t md<r1t that tk3 irl}W:'i~ ~ ~:flllA?&eeent. In tho. ea:ee 

()t thic.tt ~a. tho c:loo~ t1tlo s7tYI! ~a lo ci'fal\ n• 14 ~· tv 
Dh"'.m ~ 14ttlo. In tho p..:o~t lmk tllo va.l.Ut~ VUQ .t'OW11. to~ u .6 ~co. 

f:~ • ClVt)tol 1~ CJtpOOo<l to the a; ::10~~~ «1.¥1 21:..2 tlfoeo. te n n~ 

.el.a!NCCi su:n:ace. ~atolo ~ .btartlc:li to ~ ft.lU$S ~ 

tbooo l.Wt#, ond CO#ospond, !«t tat 1p1 1 to tbo val 17. 0 'fDOO• ~Qel 
tv' ltobtcz ot cl (l.9SO). • d.i.i'tor ®:l ar" ptnb3hl$ c!tlc to ~i'ace 

oUdAtton. tic ortoct ban etudi~ 'b1 ~· end UU11S!l• (1939) tll1tl 

tv~ (19,3). t\lt.~ h ~for oolutiono. ~ oxido t~ u pr~bt\b1F 
n~UOJ'Oaocnt ( ~c tho fluor®ccneo opoottun 1D 'Wlal~), blt duo to 

tit10'1:f!8 weute; it rotr:fVoa tho o.n~gy .trtxt ~ ox~tw cntlii!40.:tl0 ooloculoe 

ltld di~d it ~ti~- tbue It~ tba oftotttlvo aoe~ tirtlo. 

D.ifto:•eneon .Soft tbtJ ..:tue• tw otb4'# ~ oro prob..'\b17 dUO to the 

e • *> d1scussou tttr en~. !he to$ll:ttd ot Beblo ot 41 (1951.) tr. 

$t)~cno (oolucn6• ~oblo A) ap~ to bo Gbloot tho ~~$0 o: ~ ~tt 

1ft eolu::::n :a, A,_.~ expl~tl~ mq bo ~ aa. th$ f•t that the!Jt 

~~ts veJlO t:ltl® tq dnltl,.. tho ·~$Ctod~ fl~~QG £-roo t! 

thf.o~.; ~~. lt 1a bo\:l thnt tho ·~.oetod1 flu~oc opoctruo. 1a 

corurl~l3 t.lif.tercnt ~tho trun=tttod cPQCtrull (~ko end llrigbt 1954) ­

auo to e!ocr~ed eel£~~. Mo d.ll ~\Dish the <~ti'octi.vo &Joo;t 

~flit th~ c.eystol, '-'tine rough .. »~~t• ot ttl rolAt:t\1'0 eroas or tho 
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epeow troD 1M pepor of llhW and ttn.abt. w tW tho r&tS.o ot the 'ftfl•otoat 

to i'il*etmlttod to bo o.s .. Uo1rJ& thG rolatieQ 4.5,2 vitb ~ = 24•2 a.c. cl4 

I * 0.,, w t1nd tU d.aaq tw ~ tht l'Ofloctotl ~~OOAOO to be 12•1 II)A8"• 

s~ the ~ Yal.ue wll.1 dopond tho ong'l.eu of Sncidenoo ond •roncott• •, 
tb!.e «\J.culatod value ~· wU dth tho va.t.ut or H2nte ot at. h ~oinl 

othhoonr:, ~ bo apoctocl to oontoitl uta ixlpl.wii'f' \~bleb cewte itt &tcJq Ur.to 

to bo l<mgct th th$t ot th<J PU'Q tericl.. It 06nnOt be e<Jrul!.~ to M ltl 

~ wltb our ftlu ot 24.2 ~·r fdnoo it-.. ftolso ~tv 1Nf'.te4tiorlt, 

on4 GO U~tirat\ted• tt. dlftGNlCO fA tho 'ftll.Wt ttt~t 4t~tf'l,o.mt (tol,oa) i 

oan cm17 bo G~ to ~t&oa u tho ~ in thlt -~ !s 

Wfl1' a::utl1t~ 

A•A R&~ 9& ~& I!QmQ,t.A&.Jt»MQmioiah 

Tho etrco\G of aoo lboorptit.m ~ cl~ bowtl bt the ~ttl- ttM- ~o. 

tes-pbtm.Jl1 tl-e.ne-~Ulbane cad @t~n. rb.o8tJ tbhe phoepbota h.a'9e 

I'O•P')Cttvo]J" no ~lap, • smell ouorlap• ~d a luce ~lnp ot 'tA:toU 
' 

~tlc d uioo opootra (~u and Vri.ebt 19S41 ~ 1957). tie 

11 roi.t~ ill the h.t!O of the ~~1'$ tbiol: J:d.~ntel d.Oeq 

ts.m.oa, tth1oh u lldtq t(J7 tet,Pb.enyl ana 3.a fo. ~CJAC'J. 'l'ho &~rcq titl18 

l'atio t.. t.U~Mtme {3 .. 8) ie t .. l¥ c.'1o to tho td..~oo.r"~Jl)tal•tbhk ~~tal 

})bob ~ ~ (ooo 4.5) \bich hol<la tht\t th• !nero in doecv t1a6 

lG du• to w--oeatM abeGrptiou and ~Ool<Disaio.n. ~ e.crOOJ:::l(IAt ~d bo aact 

U tho tl.~ce ettloi~ to 1~, cm4 o1ttoo ~o bQo a YfY:.7 b14h 

ottio:lt:~t.q ( 4.6). it :to m&tc' that tW ve.s ..u.n OQme ~1<* 1n 

thil 2:11~ UOode ~s M1S f1ri.4oLlt f:rom ~~ p&int of ftW .ut .. 

cuaa«l ln aoot.t.oo Z. '1 • l'n tho ~ ot oa~~ them• vo ~ uao • uoa 

4.S.1 to obte • ~ t.lOlo<Nlor 4~ Umo. lie \d.U -con~ th& ~ 



Corrections to Anthracene lleoa.y Ti mee . 

spec. ttl -z:ml ~ '"Cm-2 l 
3 

• 0.293 6.ss 0.796 s.22 0.234 

B 0·340 6.as o.m '-42 0.233 

c o • .;;t 6.64 0.755 s.02 · o.2aa 

D o.m 6.58 o.'16l ;:.o.t 0.,2.)6 

~0 0.319 6.65 0.776 5.17 0.233 

'.a. • f:ltlo of thtek to uneol9octad Qic:ro ~-· 

?; r::d = ~ ~c:ro ~ tttno. 

a
3 
= ratio of unootYootod to e~otoo mcro spec~. 

7:(;)2'i# 7: fl4 X ·'a 
~ = r®io ot thick ta ~ted mi~ ~tra. 

1:0 ~ moo.~ thick ~. t:l.tao·· 

~ =rc" 13 

(:: = QQClt1 ot 7: . and 't • 
tl t!J2 D3 

-co 

24.1 
Z!.S 

23.9 

23.:J 

23.S 

""' 

rlt\3 'ttl 

5.64 s.AS 
5.2$ s.:;4 

S-·45 , .24 
,.,o s.a; 

5./P 5.31 



obta.1Aoel eo ohOun in tc.blo E. 

Wt. '-t obtt.dao4 t cob ot ~tod ~ Uaoo (7;111 z-116) W 

~ fM:a tbo ~ YOl.UOt and ftoo:s tho flO~ tb.i.ok val~ e4 

Ufd..na the ~ c!Gl"' ~ 41oeuel04 u 2.. 7 • thflt ~ -.batanU.U, 

tho s S"QQQlt S.n onoh OtiMI i.e t\dae4 confimnti<tc for thtt alCl'O ·~ oor~, 

fll 11 tho bJll'OVUil t ot tM I vnluoe obtMl -- J_, ~ llttb tbl 

.,~ 'fllluoa ~ ~ ':t • ., CJIJ~ A vr.t1Uo ze c;-• -.. u in tM 

Moa" C.lo oalau.:t.attoa ( 2.6) togothor 1d.tk A~ to lia\4 &r W.o.k ~tol 

~ tir:lo ot 22/1 wid.dl wou. tritb tho ~ 'laluo-1 24.1, ~ 8dd4t4 

OtmAlt.dolce &$ tM aowcotod ~ 'faluo. U. •ttooto of ~tlon • tho uwo 
~ ~ ot ~~~em~ aro di.rficul.t to~ dit$ ~­

tbo lo.ok Gt tho aoco~ datA on tho a.bowpUau ~ 1D tb~ solS.d sto.to. 

f~l 1c un i'footei $Del eW.bco on11 ~tlJ'. end all tht ~~cno 

~1" ha"'e lea«s ~tddl thc:n an u bG ~ tho plot ot 

0.0 to M potlk apc.o!na agaS.nn tho J!l£'t16t1'!fa bot.~ ot theoo tuo poQkt 

{~ 195?). 1Tca the low -z:
0 

•Glue tor cU.phaotl.~, it ~ l.lkolr 

that this 4\l.co bt..? little ~loa. i'fao tbe o~ c.t<q»Undtt 1\0 1n:£'ottlet1a 

ia uV'GU()blo C~Eot)J)t. thob m.-ttncticat eooftloi~t" !a DOlutkc (P.rle4e1 and Onlda 

1951}; \lllcb cua ctw only tL l'OUgh iadioc,ti(lb to tho pt)tJo!bUitq ot !'Gaboorption. 

,.5 I MMUIMl ot ~ IWillkll .. btra: k•"=· 
~ ~~ pet nlbl ~oot 91 ~~~ t:r®St '-we clf.cousot4 m Part I .. 

lD tho peat it buo d#.ft1oul.t tb 4oo1do ~the 't"Gt'iou moohanlome, ~ 

tbl _poOltlon 1o a.ov r.~o cl~ end tho pl'Ot t rod to he.vO h~pvcl to oluoi.dat. 

Q01IO of tho dtflloultioa. ".d.l1 f:tltat dt~ aeitao ~atO'l' oince :lt le 

boUnod tbet WI oec.'=t#l:ll foe not opol'att:to 1ft. r.tOlewlt\f< ~Jl')ttllt, GO tbt 
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.wens ~pUng nQCQ~ io not !'*' soot. Alao. seoori.i.na to ~heio., 

(1949. p 2S9l. •tho total atot1::1b ~·~lsna to a:soitoll tnlg,ratt. 'boco1:1oe 

~ l.n the at::10 a-atto ao tho m:.~be:l' of t.dontiocd _,.oW olc:osmta Wieb tttko 

pat"t in the- t:o~oo procat)• bo®:'Ao# lCJ..~·. Uo ,.ad poot, ~~ 

that tf tb!.G proeooe we tho ~ oao ~ tho 4$0&;: tb:;) of e. rd.Cl'OQ17sto1 

(u:ttb M ~tic=) vou.ta, if~' bo mall<rl' thal\ hc.t ot a t')rooQ 

molocule (tteUallV oo in $0lution) • ltl ~~ tho Uto it lqest 

r~ tho ~stt\1.. lt 1~ cU.tficW.t~ ~~ to 0\1$luato tho ottoot e£ 

~tlve.t:ll\a coUidono ln ~ mch ~ tho U.fotUJo, wt. tho . 
wt.&:noo eoce to oo aadtut o:ec!tceet, ~ ~eu::to;)t "WlOd tv Fr4ltl0k tl'li 

l'4.~ton Cl.949) ~at ~ta.ut ltr we~~. t'hOJr oJ.o.tn too.t, t)J.neo 

tho .flu~eo vpoo~ in<licatoo ilho.t ~ rquU1b31a b l"QQ.1Cbod bef~ 

<QS.e~ thou OVcr'J llOleeul.o s~ •cttod ffl11t 1~ thctn ono "ta:Jto 

~UaUca \ltdeh tt ult.'l tbuc <:ttelu.do C!CC1~ ~t!o:s. Bovovera U thO 

¢0Uillitle to ~s ~. ~ r.sqy bo c. quicle ~eiton ~~ ~ • 

n1lm~ of ;x,lcculoa 1n. a t1b 1 t tbtlD ono Goo1llatlon U.'"ltil tbo ~r:J' te 

tl1oppcd CWl 00.0 t10looul l\1 tbo loOI OS: ~ Vibr'Gtlond Cl!lll!i!f, ~ \4bieh 

tbta'oal equ!Ubrtun 1o ~ In ell., tho mo&t Ctm~cWlU ~d \00 ~ 

o::ccitotw :tD thil lc.ok of tho ttrcna ~Ur~ ~ C"l¢tJUl.ce ~dab. !G Y.ttal 

to thob:' wJ.Dtonoo. 

fo dooido ~ hdiatt'V'O (photon) and ~ad:io.tiV<l ($t'l\Pit-1$C4 

fl:uorGacQn(tO} trauef_.~ w ~COl\~ \lb~ tho~<> con bll ;flotaa tl'mot~ 

botuoen adjccont t»lomlloo. ihb e1tuat1~ ~D anal.~ to tho caoo ot 

on oloo~neooti~ .. ~t.t.ca QtPQlo. Tho ~dins ttold hoa tw 

OODperlaQ.ttJ, on mductiW i'!old d\d. t\ ~t!,VQ ftol:i• At~ dlsto.'lCoe 

tho S.Uduati.Wt end e.t !ergo <i11~oa too ~\iva Aol<l, i e ~t. 

scmo1~od t.tuorooeonoe o~ be 11koaod tb tho tronsfGi' of onoriJV to onotbOI-

dipolo t~h tho induct! tiol.Cl ~ tf1 tr~&ll.>i" ~b&bi!ity dapondD e 
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thO~ funQtt~ t# both aoleculos ed.oul:ttmoouaty. fhoteo tv &for~ 

bo Ukacect t& tlw trtlnDtot~ ot ~ tbrou8h tho ldbtiw £1<d4, wh~G tho 

trc.nafCJt probab:Ui'tf' docs not dOI;*ld on Uf!o. two ~tunoticn• otmul.tar&QOU$lT• 

!bees two ~ mo:rgo into om anotbe:c and cannot ~ bo ~atod. 

l?or ¢tSlple, ~ter(l9A8) 1WG shown that !!i tln~O; ~ti..t VanafOI 

ccn ~ tr-1<11: 4£otcncoe of about SA which 1e of tho ordw ot tho st.ae &t or10 

t»l~o, no iibat t\" otor $Cl' 101' d1etsnee3 tlt found ~tollT, eJIO 

duo to ~ ~., • 

ibo tb~ of ~t:l 'f'iJtcnQt b; photaftS bOD 'OOo?1 eiVdl bf B1ril; (19S3). 

~ ebowQci tbat tho ttatio of a:tc~lltsl to tl'lick ~tel dooq t1o01t nhcnld 

bo c1 'fi'Oll -- • 

to th ~of tho 

• «.OC.Yr9'otel1.o. tho osoo.po eoofi"ioiont. If tru:J of.t~ciOUCI' 18 h1ah thal 

p k GlC1 wo ov nogloet k. rt 4.S. l vo the!\ hsclot 

z:-,... ..,,. 
- =.- •I 4-~.2 

1:c p 
a& cmt~titm. of 'tht.c £~ bV the ~e:JUltp ot Di.J:'b and Uttlo Cl9S3) 

wnc 1'8.1m.cr fovtuttous. 1bo :ra.tlo of thoir ~~. docq Umot; --z:-,.._j?:c.-

~ 3.5/14 = 0.25, ••tu ohmco cloo.e to tbO ~~ ..tuo, s.l/24 r;:t o.a, 
80 obteined !1\ the p..o&ent liOJk. ~ vnluo of 0,.23 tfJr I -~ o1ao l'athdf 

fOJ'tuitowJ tUl thot.a-~ ~ eOllGi&nb~ df.ttonc.t ~ thooo obta:.tnad 

later tu Ceo~ (19S7), witb I= 0.2.3. 

lfrl.eht (l.~Sa}, in lAW' WQl'k trl \Jhich ho eob.Oidw.t tho e...~ootf of tho 

~t!w tndalc on tho oooa.p0 or t*lotona fr~ tho cr'lotol, clvo• tbc'l 

Q~~t.Q t~f.\· 
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~ ~ 1$ @. opUoDJ. a#OUpo ~ftotont. Slne31 ~. S 18 ~ 

( o.Qt. tfh ontbracent)), thiD ie V¢X1f Uttlo dlff~t ~ 4-5.2. 

~ tho dt~&•ll~., in 4·4 e:nd 2.6 tt !t'J QV1da1t tltat photAI ~rsno.t• 

t\lon3 ia COSPGtl~blo ~~ tb.(t 1~ dooq tJ:Je ot tbio.1t ~r78W«h. IJho 

c\ittodog ~• tlmoe £<4' lohg ¢ql080d Md nO\f ~®~ atl.\'i'aeot! (eO() 4.3) 

ill~ tbt ,PbOtm tt"a1ot'~ to Mtt ~. tho ~ cnsra1 ~ontt.­

noc.ibt\~.tm Opo'l't\t~. 7hio Me boca diocuosed b; ieflt (19!551>) Oil thG btW.• 

of tho preoont ~t•• ~ ~- Qt tho fl.UOI"'oc~• G¥0itG.t1~ 

~ of thra~. tho tblekn<tmJ o... tho ~eco qw:eob!.ng ~ u th .. 

to ~ 1 tbcn 10-4 «::t• tbiek. A e«!!poriat::O ot the oxc,;t.tS.Cib C!Xl~ \d.tb 

tho Qbot!Jrptlcm ~ shows thE1t cost ¢1 tbG moi&m\ Ucht 1$ absorbed b1 

tbo hoet 11n1£>CUloa. \bo lw Offici~ found !a ~~sd t:v tho quMobiJ)g 

oeti<* e.t a low coneoowt!oh ot ~f.:tq ml.o~ou utd.eh uUl oloo attaot 

tho docq ttco. lbio 1a ~ \W the a-eeults. fllvoo 1n !able A. Uov, unl<tel• 

tho ~8 ttlkott placo 00f01>o •a&.atS.m, n.~ lOOGt 23~ of tho pho~ wU1 

GaOB.PO ~tho Ol'f$tal (It~ 0.23& 100 4. 5). -~it c:iU tm oth= J,ilo~ 

WG»o ~bed tw' ~tu UIOlCKmtG•• tao etf!el~ ~d bo etMtOl' tho.t -tbat 

found ~tcl.tY· tbu$ tho qU~ ~ bDtoro ra.dia.tit:ft aDd t» wot 

bo auo to a. ~4Cl14t1w n.'<'~ • F.ro.t:\ tJlo W'ldanoe it ~· than thAt 

photon end oondt!tJOd tx-cm.at• both oetftU* in tbct t\Ytttco• w 41'0 cm:et~a. 

We~ tfrtls tb.i.nk of tho Q!td.tat.i ~ aQ 1¥)Gf.ng ~ ft'<Q QOleoulo 

to ~3lo<ml.o 1n a rtltldoa no.tlnOl' (~Oitieoel -onoi'C%') until a flnorae~ea 

tro.naitloo OOCU1'D" 1ho «Jltted pbot<tl eac tl*awl ~ a ~sid<'4'1iblo df.trteeo 

to bQ raebaarbod at OQOQ otbeat point 1n the la•.ttoo to ·1'Qp0at. the ab«.Wo ~oea 

\#lt:U S.t GPOapotJ !'rain th aryotal. Tbio ~oluoion ngrcea w1th oonolu&tane 

ot .Mant (19S!Jb) ttAd Uot~p eaCl Slupllm (1956); ~opt that tho le.tt. 

co.,_eid®' that tho sbwt ~-eo t1-ouotos- u <lu.O to 1<JKe1tcmn•. Vllnt thor tom 

ox:c1ton tranot~ f.a, ~~~ idootioalt-rlth •t w 1\Av<t dootc;lAtod. ~J®t.tit1400 



~0-t' 

~ f.U;"U a .t1UT:lbor ot on~ Qt ~P ®4 s~t'a ~ vbich 

aro ~t to aoto u 'tbtiJ' e.nwt tlloir crmclueiorw to ~ atcnt., ,,_ 

IPI(tth 1Jitlllt rtGt ~ lx4ow l8'*1 1idllch ~to in ~ PQrtt of tb6 

flu~ not boitlg ~ et DCWt JP'Otlta tttll a1gnj.tioon\ at W.. 

WVol.<matb ( l9S'1) t ~ sped~D vcn too tbtok (S~)t al Vlt ~ 

~ :lit. 4.4 that ~ wr. trWl 001\0S.dnt-.bl.e I'OA~tion in CODtG ten~ 

t~ ~ ot thO ~r ot l/1~ thick. ~lUG the .-c'bt GlQ VC7 

~cc4 fa 1-atcuo!tr aw:t to ~ 1G. t ~ \thoro tho OVOt"lap 111\h 

the ~tq tl010014e ®~l"ptinn apocti'Utl ~·a, a:a4 co tho ~ O'ffl;tla.p J.• 

~ ... do t\Ot •~ tbf,l ~ ~f tb$ tkl.tta on the ~tic Qp(Mt\ra 

ot th$ ftlt!O\UJ ~~ $d thlo ~a to bo olt:::t)B'b ~~t in 

04oe of too aoUd ta.~, bt •oU.abl o t• tho ·~ ~ ~, 

wt u thio 'WlOd, it 110llld l.ot!d :olD to ~ ~lq. . the ~t1on 

1n tho ~d ote:k 41V(\VI ~ · :t 1~ ~lQUethe thtm a tbo Ut..1l1<1• 
~ tho aaa«rt!on tbs.t ~ ~ taoto~ Q la ~-t of tbft owrlap, 

11 op~Q to quoott= C\4 1Uf" bO q:W.w ~. b ats. ~1\1 

t»looul a tbe boat utu., \lh!.oh thoy o01taid.ar tor 1tti ti.S trl-!l11fc:Jr, 

lo e:tco iaportCAt hom the potat et v!tJW r4 photc:G transto:r a. to tho polan.aatioc 

of tho emitted Ueht tJJJ ~~Dirks (19S3), end makoe photon transtcr- l'JUOh 

110ro otteotlw tn GOU.dG. ~ dlG'D1a. photon ~at• i"or tho ~ that tJw 

at.Snot1011 Mpth is f1IIJ.¥ tJt tho ~ of «ll tlf.Ol'One lt U Suat the ttd.Gtenc» 

of pbotcm VonftfCS' that ~ tho cxo1 to.ti«l to • vholo or tho Gl'tatel d&C1 

th$1t- dtm3Atool ot thf.t QGCbPlll exoopt 1D th\) o of dGOP •'l1Wi0Jl1 11 

'lm.i~ 

l'a ~ca. ~ oonohtoi &JlO !lleo ouppol*tot b.1 tho wrk ot Svo1Jk ana lUc1c 

(1953), ~ (19$5) r.o4 Oohcu and Vo!arrtob U9S6) (ltbo\tgh thG1 ~ ~ko4lli\h 



TABLA F. 

~hotofluoresoence Quantwa hfficiencies. 

-
Phosphor q(PJ (1Ud 

Anthracene 1 . 01 -
1:2 Honzanthraoene 2.39 -
3;4 Benzpyrene 2 .2t~ 5.32 
p-Terphenyl 1.54 4 .91 
1;4 lJiphenyl- 4 . 13 0.61 

Butadiene 
-~----~ 

_.. 

!'or q 0') oe i B meaeu.red from the fluore ecenoe spe otra. 
ior q( A) ex;. is mef,sured f'rom the bsorption s,Pectrr .. . 



GOlutione !a liqu1da or plutice d eo ~easod the photon trsnsf'er 

ettioi.Emq ccmpGl"ed w.\th soUd sal.u.tions .. 

l.~ tfimmu atidfDliGO• 
b thQ.Ol7 or the q\Uintwli et.tioionoy Jae~tes hos be$!1 dinousood lrl 

section 2.,7. In using 2.7 .1 :lt ie best to u.so a u'kl-!el tor 'Whitlh -:r:-J-c0 awl 

( 5 +Ic.'bK) ~ $ll&lll m1 that q S.s lt$$ G®s1tive to ~s ot m~asure!ll8nt. ~~• 

ooAd:t.tione implr a 1~ tnorla.p of tho e.bsorpti<m nnd «d.sesion opeotra end~ 

weU mot b1' ant~e. %b.vof'ore w w1U fbot oonsider thG rseultu f(# tt. 

absolute ottio10J107 of ®tbracene. Uoing the OD of the OOITOCtod l'OIJUl.ta 

given 1n table .I (iwe• »=0.23, -z; a =5.311 --z:. 
0 
:tQ). ';) ®d tald.ng ~ =0• Q4 fl'ol!l Wright • e 

pa~ (195,_), w find. q.=l.05.. Sinqe tb$ vatu of $ le rathGI' uncwttd.n tt mq 

be botter to take o =0, 'WMch ,S.voa q=4.. QJ.. 11to vnlue gl .. by Wright !a in tnor 

me1DlT due to the uao of a valuo or lS. 0 m soo. tor -z; 
0 

Gnd 6.4 m aoo. for -z-• " 

1'boee values ~ obtained 'betoro t.he ottoets ot wrta.oe oddation nnd rosidual. 

roo.bsorption vare .t'Ull7 ro{\lisod. ln the p:ree=t ~lt th$ 14entical specm•• 

~ used tor tho dooq title and the :JpOctreJ. m~emontc and COl'reOt1on w been 

made tc»: roaiducd rcabswption. !ho pre~~Xmt recnd t 13 t.Mref()l!lO twJre ac®.1'e.ta 

then the veluo give bf W:igbt even oonsi~ ~ ~· 1n the d.&cq timoa. 

In view ot the proStmt wo:rk tho accuracy given by Wright (2~ e.ppo01•o to be 

optim1at1o lmd ehould be ~ like 10%, Which should cOYw vat!atiMo or q vlth 

ne show. above. 

Some exemplns ot the quantum otfioienoies ot ~the.l- oompoundo found by the 

oompnticon mothod uotng 2. '7. 2 end both ab#orptton and t1~ QOl'lce apootral lftU 

ff# oo an ahOtm 1n tablt~ l . lt 1• odt!Emt that thie method ls not eui tab!• tO'/! 

Ja&tlD'IlriD,g q , the direct mt)tbo4 appears to be mor~ nlie.ble but ~ f'~ eompt)Und8 

lthe.t'$ tho opeo'Wal overlap is tntbstential. ~o 1lUlin roe.IMl\ tor tb ta:flu:re ot 

tho 00tlp.-1oo:n m.othod. to tho offeot ot d1f'tmmt :rerr.atift indiciee on tbt Us" 



oollect.ion efi"icionq hl ll4ai\Ui.ng tlUC".Jrosoenoo u vall aa absorptiou spectra. 

Aloo, since the~ coapo~ Ul"o fl\t.Or4)lJOtm-o, tb4 ~ abaorpt!oa s~ 1• 

onl7 tbQ 4tfootiw ~bGorption end not thct tNo ~on epto~ oo that tho 

attoa is not •t.t-1ot:b" pttOpoz"tional tc tho transttion J,tl"'bobllit7 p. 

lw'l PM• V'Wfl• lJ.UAUid&.QQ ~ rm4 .mf'NP':Iiio AD~dloaf• 
!he ..,_, long clecq twa ot S fl14 $ motJJTl 1t2 be:rllanth:rac®e (-;=;: 100 myseo. ) 

appea:r to be too fFG&.t to clue aa DOl'lllCl tl.uore~~een,oo and 00\lld. bo duo to 

tl-an.tt1ona ~a tt-1p1.at levol ~ qt tho DOl'mal sillclet level (Gar.Uck 1949, 

~· Pringah.,Sa 1949, pp1S6 a 439). hse ~itionst ~ct fl'Otl the triplet 

lov•l to tho g1'0U1ld dngl.ot lnEtl, aro forb144ed by th• •eleotion rule"• t.4lioh 

accounts tor tho long d.ecq t11114s. fhq a:re uouo..U7 nfen"Oct to as al.ev 

tl.u.-eaccoa 02' ~ tl'antd.ti<ll• (LGwia tnd lalba 1944) to dtetibgu!ah ~ ~ 

tho phoophoJtefOflnoo treMitions vhieh e.N due to thormal.J.T activated transition• 

bOZil the tr1pl$t eta.te to tho oxtri. ted stnal•t etato w;t.tb subsequent tut noraal 

fluwosoon" ( rX.J transitions) . 

~o tl.Ubl'Oaconce speotra of those two conpo\U'la.. eo ciittu• (i.e~ abov no 

rll:a-attonol structuro) Qnd •o eb1£ted to loncor V&'fttlengtbe rale.tivo to tho othe~t 

metbt.J. deJI:l.To.t:tvos. ~ tra.si t!OD.O 1Z1 otb$3:' com~do lli'CJ kMVn to prodllcl a1m!la:t 

~a, ao that both cleoq titJes and epocwa. point to f tre.ns1t1orss. It ~hiD 

is true# then th 110 ~dl should bG of in~ott from the point of new of 

pbotooonduetirlty end oord.oonduot1vit1 u the triplot lovol appenH to be 

con~ cad 1n both tboso prooeesos (Nortbro'P & S!Japoon 1956&) • 

The mol~ cU.amagnotiq ant•trow A I ie tho ~enoo botvoen the 

average cn,u,oepttbUitq in th tw porpond:J.0\11_. ~octione 1n the plcme ot the 

molecule and the eusooptlbt.lii'.f" m a <U.root1Qtt h<>mtit to tho.t pl~. S1nH the 

Jf~Gleculoa under eontd.<l<tro.tion e:r~ esoentiollT plaal.l"1 tho animow is a m~eure 

ot the ettcotive olectr~ cobUitq 1n the plane of the moleeuJ.e. VQtioUI 
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Figure Dr· I: Decay Time vs. Diamagnetic Anisotropy. 
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Owt'olati®S with 6 X han boe11 i'olmd bT S~tor Gnd I3:-ri.nt (1956) a:D4 it 

appeared tbc.t t~ should be a good conelat:ton bo~ A Jt t\hd tho ]iloto­

tluo"aconoo &:.oq t~, oinoo :PaotoflUOl"&ttoonco io $. more: tundal:wmtel pi'Ocets 

thM 41f1 "1nt1Uation prooe88$Se l1llfortunatel.r1 ~a tw of the~ 

used 1n the ~$$ent ~lt ho.vo bown eniotropt.os. Som$ oaloulationo hav<t bee ma4e 

1:v Mc'Je~ Cl953 and 1-eterenoea thoro) wt cm.1¥ for molecules f01: vbioh there oH 

~imontal ~m.slte t#. f'6r which \fO have not ~ -z:: • the av'aU.able Hsult• 

_. llhown plotted 1n fi~ lV.l, 1'ho eu:.t"VV drawn would indicate that a limiting 

e.nistA-ow ie attehed at les'ge doo~ timoe. Shia in<lioation 1 , ~. baae4 

on onJ¥ ono point (wrone) ed mq be quite rtia.toadins• lt mq be oxpootod, 

ho~. that moloeul.Gf! \dth 'rfOr'1 JllC)b:lJ.o electron&~~ (hiP A K) w1ll havo loAs d.ecq 

times, as thore uiU be le&e porturbati<in of tho eloet;ron oontigura.tittl ond eo 

less l.ikl.!hood or 4 tl'mwi t141. 

iktlz §g;lptUJ ltica lt§AV Dlai• 
It is of :J.ntoroet to COtlpar& tho phototluo.-o•oanQIIJ decq times vitb the 

scintillation dGcq timos. :tn the tointul.D.tion eono, the dooq til'!$ dopond• em 

tho t7po of excitation uaed. Anthraoen•, tor ex~o, baa tho tollow!nS decq times• 

ZIJi!l Sj,. 

iaS.ailQI -c~) w: ....... IQfGQW;t• 

u. v. l»otolut 24.2 - ~eiJ<#lt ~lork. 

yozokqa 30.1 !5.9 ittookiS (19;6). 

lleotrons 31 6.8 Wright (1956). 

cXt•pc.rticloo ~3 28.8 Wright (l9S6). 

Vn.d.er t~ hOACHng •Dur .. en••, the figgroo show th" ditt'orQlloe between the 

lolnt:Ulation cd the photofluos-oeeenoo ®Of.\1 tir.los. 2M gcmorQJ. mocb~..nis t4 

ac1ntillation 4eoq has bGCll dieoueeed b1 wright (195Sc) end aut o.c¢0U11t tdt the 



1~ sct1ntUltd,d.<m 4eeq t:S.mea. i'ho !l'lcidont ~elo loses 1ts .-11:1' to 

mol~s clon« oro M&r £t• path to tom a ·~ exoitat1fln ool:w..• consift!JI« 

ot icm!eGd uolowlea sud aoited »loeul~l,, tho oxci:ted molecule• ~tina. 

~o •i)ito:ti® &ms1tq ~on the typt ot incident pta'tiole 'lnd 1s ~te•t 

tt# ~ ·~clta. ~ is a coneidor(1bl.o amount or qu~m~ ~e to various 

oalU!eo, eueh ae uon....ra4UtiV11 interaction be·~ molecules •d the presence ot 

pe~tmtlJ or b~arily ~ molecules. !fhis ltOOld ~4 to ~en the 

o~ed d.eoq t!me, but tho diff\lsi&n of neg&tivo iona baok iuto tbt ao:tta.ttcm. 

e<>l\lllm ~~ th1=* tmtl ~f.mlts ill a l~O'lling of tho dDc0(7 tim~. 1be 

~tilnoe ot axdte4 stato3 otha~ the» th$ tuat tJ.rG thought to bt WJr1 shc>n 

( ;::; l o-ll.eo. ) so that tho t4Jllo taken z~ th0 $lHtl'on, end 1-Qcapt\fred, to 

J:>e~ to th~ first ~-wa. aiAte ts fair:b' small. ~ the dltfo~c$ botwoen 

tho phototl:u4ronocn~ and tho acdntillation 1Utl'timoa wUl gtw a tiam'o- tor the 

<.d'tectivo dU~ t11t.e tlodif'ied by q;uenchiJls. 

For- olfctltons end Y-"f13'* this t1mo is of tho ord.$r- ot the ool$C'Ule zjloto­

fluctl"\ltceuoo d~Sf 'bime, W.Uo fat" O(,. .. PQrtiel~s it ie a.boUt !~ ~ th!a. 

Since the r~to ot &Mt'f/3 los 1s proportional to the~ ot the- charge (1.o. 

c<J -~tiel.os lose en~Cf3 at tow:- tift\os tbG :rate ot $l.~c'tr®«J). th~o appo~• 

to be a proportional ~la:Uon be~ aJ:ettation densttq and otf'eottw diftue1on 

tim$• 1:ha rate of anergy loss e...1..oo ®pends t~tioel.l7 on the val.04itq ot the 

pa~t•tiel~ wh1ob would deatrq the pt>oportioualitt• ~ <looq timo doos not oeo::& 

to depend wch on tile velo~:tr J howwav 1 ao meamwe.mQn'hf:t wt til p:wtiele& of 

cU.fferant MOl.•g!.oa stv. es•:ntie.Il1' the tJGO retrultc. l'his is P1'0b~ due tG 

tM tact that tho pa:rtioloc ~ stoppod in tho phoophw, ao that 'bhC!! haw o. wide 

rang& of volooittas as thf#T vo :Jl.om dow. Also, the~ ~ate of etnftf/:t 

lose occur• wbfm tho particl.o io mov;tng Plow:J.y,1 so that tho initial wloeity 1e 

not ao i!lpc»"tent. lt 1a uni'Ol't'unAtel1 not post.ri.blo to t<tet thueo i.d.oeta on othw 



Jilosphort u thel' altO no Nsults tor thoil- d.oclq titaea \11th eloctron Olt 

o<~ •particl~ axe! tation. 

A.? ,QQ»AlliQ2.GP• 

It hal boon shovn that tho oathoc! uso4. in th<J pre~t vork is oapahle ot 

g1vtns :roliable and aceurate photat.!.uoreoconce 4eoo;r t!m&s. 2h6 mothoct baa 

thtl adn\ntago 4Wat" th~ ul~on!c oell of bolng oa.oU¥ OQ!wort!blo to <Utt~t 

titlO ~angQo. ~ recmlta obtained era cOnsitietod mort;~ l"eUable than thoae 

prenou819 publiebed tO'J" tho pal't!.euJ.t4t oompouna cctAoem«l, 8tld have elueida.tecl 

eotntl of the reaso.ns t~ ~out clis~panoioe. i'be variations 1n decq tirloe 

have helpe4 to wbatantiate FOPGS&le ttW ~~adiative enerrg tra.nsf<l:' ~"'* 

1n oree.nio ~1!1, which haD bocn show to bt e•aitiJO<l tl.uoJ.-ODC®~, GD4 

ht.No dbmonstratod tho vv:~ !nportont ertects ot oelf'-abso:rpt1on in phosphors. 

. . . . .. . . . 
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l'itl• 
l:mua&tc4'klQ QDI:QilQ ,a Bm«Al-U3ca· 
~.1,~UQII'; 

l)J..to to tbO ~tioDD in path l~h .tur olt)()~ PlO•~ ~.JUh o. 

t*o~tf.pUCt1 tbo:r~ 1~ ~ ~ ~ tho ~t ~o::s. !hue, c 

o~qp oloot;."'ft ptloo at tb. ~catbQrle v.Ul oo ~'hilt ~ out oo 

$:Tl'fU!. at tho caUOC't4l'. !renc:dt-tbto bp.'ood ilol)(mdo ® ~ ~ ot st~e, 

tbe tlOnt"O ot to<ms~ m.d the eyp1.1cd vol\age. It in of ~ l.ntwfil&t to 

llnw tho ~olt-~ o~ !n ~tiptlacao o1 VtlriOWl t.Jpoa, tdnoo thits factor 

to of ~tcn«t ~ w <}UOOtiQb of ~ 1~eolut1on a.~a ·~ u~ in 

cokl~~ eoSnWJ.atiott t•k (81rlln1953t Ohap.4)• In .ta.t co!.M!~ ~ 

1t 1o ~~ to !nMJ®o ·tho t& r 110ln-M.on un e\\Qh pooe:t.blo. 1ho Uuht 

~ao proc!uoocl in e. J,1hooph# tv tbt! ~ ot e:t1 tani~ po1"ticl¢ 1~ ~ 

1i1 th& £lntikP tiM (Jf unooi<»i end colloctt~ or tho pb"ton~. ib.o ~oo« ie 

$till 1\lr'~ 1o.q;riJMad {q tho apr<:cd ill. t.bo Glltlplictr. 2.'o da~ wb.Gt 

J"OSOlutiott&t !lOt b¢ ~ted r~ r:'J:J'! 4'0tttl~ tt is ~~ to ~ tho 

~tude of both • d"• ln ~ po.rt. vo lm'f9 &~·tho Ufot.lrloe 

elf ~CU8 ~"~·~ ~ wtlieh t ho pl10~ oontt'iblticn to tho e~oo.d 1nq be 

ob~, end bolov vo WiU ®IO!i.t.Jil <N:r tJ~'fUOllt:'J of tho t:nllt.ipl.i® ~ 

It ~ po!nted out 1'1 ~.G. 7.\Jrl.ght tbnt tht) ~pgatuo UDf'!d ror ~ ~ 
t~~ ~ daocribCJd, could clso 'bo usod to 3~0 tr-.~.a.t-ttce o~~a~ tv 

~~ina the modulation vw1t'lt1~ cf' tho QltpUit ~ fr® the tnll tipli® with 

~iattml bf ~tx:1 "'Gltage end a ttxed t:l0t1.ulatod 1nput. 

~.& ~ s:tf,ttbfl,s/At.Jmde 

to '-~ outt tho tbco:7 ~ tJ1o lll3t bod, w ®PU!OO th3t tOO •r:d11ato a1QOtron 
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Figure ~I: Single Electron Puis~ Shapes. 
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Figure~2: Illustrating Transit Time Spread Calculation. 
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