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Thc åntrsduatåon ç;ff rp.d:î.på*ou i;herair,f i_nto thç field
cf ineclåeeJ" prnctåoe h*.¡l Ëorved 'c,o p-r'r:vlde o. bond of conm,on

lnterosÈ betueon the meclica.]. ¿,¡rri physåerå scíÐntåsji. tnce

thås cont$ct had þeen es-hahJ.f.sireÊt :L'h hoe¿*ne epSrae.ent 'bo the

pþnlcí,rt, tha't, veni; ffroupfl of båologåçel]. pherro:nen¿1. ag&,åted.

lwootÍ¡gntåon þ pirynåeel ne'bhoeio, n$ei ttrrat merH.*ei Ì"nventjga*
-tåon,ç eou].cl nre].tr have heçrr earr$.eû ou.'b in gcne rr:f ùtte o].der

:fj-el"ds of pþsåcs ar€ury ge#. $ ;.gro Ttris ls petrtåcre]-ariy true

oi' the flold of rpeetr*treoffi.

?he p:rese:rt thegì g r,ras pr.o¡ræed ån a *g:eetroscopia

J"aI:ore'tory ånve*tignt{ru nr*rü.our TråoJ.ogioe]. p}renonena, amoryst

r,tråch vseyq: the absorpùion spee,tra ofr b-iologå.enlJy actåve

conpounüs* lhese str¿*tee natu.reSly 3ed, Èç tirsei:"lg -bhe p+r{tr of
the geleoÈlveåy ebgor:bed elrergj¡* uTrj.etr f-¡r tr¡rn neoeøÉj"tated" üre

e"'sßmå¡tÊtiCIn Õf 'f:he ¡llupr*seent wpeetra of tlre eompoundlr

concçstrsdc si;eeåfÍ"cal]ye ån rela'h:Lon tq tirls ürenåoe $re

-,rorlc Çf I'fe.cclom¡r-1c1 anil lJa:"got"**(1) hes estabLíshed. .Lh¡rt fcnnale

ses tlssre É!.uoresees uncler l¡ltra*Eåsået lf.ght te yf.eld spectrar

tha* cen T:e åm¡necii.aÈeþ {rssocåÐ.bect F¡Í"blx the pþøåol.ogleal

conciltåoru or t'he åncår¡:iituaL u.!r.doy strrdy. su?rnoquent Èo the

abovo ¡rubli-caùåoir, fu:l&he'r norh i:r tho snarç lal:oraltøry Þ,es

establåüired the esncli'blüns ürxler wh;i"ch Èhe þåoci?eu'íca} eom¡rourd.s

proscnt $"n the so:e 'båesue nifuh"t, be macr,e 'bo fxïæresee in r¡j.tro,



Tiri-s Crer¡eJ.epmenli efi'ers 'bbe p***f.Þ3ååÈy of rrtlåirlry

qr:*rrråtetåvo opeoåroplrot*metq7 of f,l.r:CIl"esco¿rt,'båççtre a,s e

nrethod. of clår'Betly eut,lnr'rti-rqj' tlie eoneentrati.on of ve-cåous

ss>l lrosurçues ån'Lhe SemaJo *yn'ben. ln orúerbo eonrpJ"e'bo tlro

lírüc beÈween "blr.sj J.etroraÈory $er"É*$reißen^ba of' these fluolroseent,

conponndo and}. the f,Luçr*gsonce *n ühe tissue åtsoì-fe åt 'l¡eEosren

ueçeåis¿ü:T¡ t'ç malrç gie¡i{{-t¿-¡lve ner.rsu*lçarer'¿*bg pf, rihe emip,çíçg¡

egie*'linn sf the tiçisue e;<e:itod, und.er ultra.*y{sLet, r¡rdi*tion*

Såneo {iirc i:rtensi'båos of -bhe umittecl epoctra a.¡'e ver1r

lor¡ ancl 'bhe moaourenen'bs $rflt Þe rne.d,* r*rpådlyo ùirå"e n¡:eeÈrnJ.

*aoåyoi"s requ$.rcs 'bhe derrel.opmeni, of a iråghtf seusi:Livç cletea'bil€

$ygte.m for usc irr eonjune-båon l.¡ítlr er monoehroraatop.

2"

.The rr*,JJ.åse'Ìiåçn of, photonu].tf.,grtåeyLu]rop sc¡upLe$ v¡åth

modezrr eJ.ost¡r*ni.s eÐü$t:iJyJ c$"sct¡J'bs -&o r,rê¿rsu¡'o liglrt of vorXr J.ou

ínÈetrsity olnriou¡l1y ruggoc'be ltseLf nnd å'b is tbå$ epecåå"åe

pi:oi:Len therÈ a*nstituteç tire suþJeç'þ metter of the present pspere
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ln orûerbo eppa'eeåeta nor,e lïl-L1y 'bhe irruhtr çru a-1, hÆ,nd.,

.¡it ås dosi.rablç to e:çanåne hråoiî3y'Lhe eonst¡r¿ctitrn anc? pråne5-pie

of operaliion of 'ohc phoiomrrrtåp1åc:'* This instns,ùcnb consists

of a photoca'ohocle emd, .:r rlumbe:: of Seconclu.rir etrisgion ouri'*ces¡

{cþraçciesi snc}ose* j:r an cvacus.'beð enveSope. Tire enveLo¡re, ån

coraaersåaL 'Spen a.t leao-b, ås generer]"l.y sf glaøsr soJ.octËd wL-þh

ciuo z'e6'ard, 'tis t'he recpråi:ecl spectreJ. tre.nsfiì.isr+åcn. The clytrocle

ntager a:re m¿inÈ¿ine¡q?. e'b votrtages vdrå*h åneroar,e ¡:osítiveþ
{bon ti:e catihocTe i:r rÈo¡lo ef fr"om 5o tç 20û voïtEo crependÍrog on.

'{:he t¡:rr of un:-1ì:åpl,Le::' usoê. .{n eleetron l,åbare.toÉ frora -bhe

phoi:oeutlrod.e åe srceolera:bcc:l to tlle få¡r,qt c$ønode r,.,Érere L-b

relea$es, on the averéigee trLree o:l forr seeontl,c*¡r elcci;rono,

lrlui.cfu $.n twrr a;r,n acceLo:mteçl to the seeeixcl" {yirode. ?his

rnuTtåplåcai;å"t¡e 'prscÉ$fi co¡rÈl¡rue* $iwor:6h +13 the s,oageeo

eleet:rong fron the ffåãJ- sta6e be:isiË coI.J.eeterl aÈ 'blro nnodo,

A ni"ireostiaäe osrimercí¿rl" gu]"tiplåer¡ serç,h es Èype g31-4, operatår:g

or3 Ð rrolts por tstageo has a nru1tåp3.åes,'båon f,¿ctor of ,*,1¡+ut 3 ai;

vr..i.oh dyirocle. the over¿l]-J- crurerrt e,nplåfi.catåon in túrj-r: çage

tiren* is 3? or e,pprorc!ru0.t+þ å x 104- I{i6ber shuge vol..bng*s

J.nercaËe the s,ðeoncl^*:ry enission :re'båo yl.cielieg an overalÏ. gaÌn

of es high as 1ii5 Èn a n5,nç*s"tage tube a'b l,üû v.Õåirs por sÈage.

J¡

To ohôs.igx tì.idh effj.ei-encåes, åt Ls nege$ss.sy tt¡;rè fire

olcctrons lenving tiio dynorle CIiieges T:o guid,cd to tire zuceeedj.q

ones ',',¡ithout 3.ons, Tiri.s ts aoeonpXåshed, fui. ille g3j.A. t:¡pe of



l+*

rirul-tÍplier T:y ehaS:ing the cþmocles 'bt¡ prs¡rlcle the correct

electrostatåe foeuslng" These dSmodes a,re erranged Ín e

clroular arråy for compaotneÊse but slarllar fseuslng act:i.on

nray ì:e cbtafne<l r.'lith a L!-neas arr&ngene.:nt. 0ther multlplåers

employ år Ëuctessíon of screen dlmodes separated by glase

ri.ngs r¡¡hlch }¡e*ome negåt":îveh/ ehar¡¡,ed and prevent the drift

of eleetrons torvard the pex'ipheqr of the tube. Ï,lagnetic focug-

tnge ernployed, earlLer Ín the developrnent of the photomrrlt'lpllert

is now rarely ¡'esorted tou largely becauoe of the Ì¡ulk and

åneonveníenee of the ar¡x1l1i"ary npporutor"(2)

SOUHCES,TtNÐ Ï,Í.{t¡líTTlUilE C'f IlAfi,Tt ClJtì.ïr¿gNT

The prLnary eonsfderat'Lorl ín the applfcation of the

photorarrltlp}ler to Low llght levels Ís the anode dark current

of the tube. Thls has been cliscussed fulfy by fingstrom, wlth

regerd to the 93Lt ¡md tPår(3) and' Ís attributed ùo two major

sÕurrest 1") olrr¿ie S"eakage¡ 2) amplifÍed the¡rmlonic emi.ssLon'

A thård $oureep regeneratíve åc¡nåøatåon, becomes domÍnont in

thte Wpe of tube at about, ll0 voLts per si:age, and may be

avol"ded by rvorkfng below ttrts voJ-tage levelo Ohmie J"eakage,

r¡hich fs proporti-onal to the applied uoltage, douiinutes up

t,o about ß0 volte per stage, above whieh ít fs surpassed ín

riiagnitud.e by the amp}ified therrn'ionlc errlssion" The }attere

beÍng proportf-onal to itie gain of the 'Lube, v¿rri-es tn this

regÍ.on approximi:rùeli' as t,ite :flåfth polÁIer of the voltage. Ïn

&n &,verê,ge 931Â aÈ 100 volts per stag*e operat Íng at room

ternperature¡ the total magritude of tt¡e davk current ís of the
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srdÐr Õ:f l-0-? ,slaperesr &hout 10 per eent of r*ïrÍet'r Ís d.ue to

ohr¡ie l"eak*.¡¡e. Sonsfderable varlat:lons fn these values nray be

expected fron tube t,o {:ubeo

ThermJ.onie emissi-on ]nfl,y be recÌ.ue:ed- l:y ttu u.eåÍì*Ê

l") b;g uoolÍr1g t,he eruit.tång surfaceeS and 2) b;i J"ol;rrer.ing tlre

applíecl vol*,age o Ttre 'birer"måon:ic enissS.rr¡r from the cathcde at

roerlri 't,enperature nu.Ly 'oe es*åmated b;r' uoång iìÍehard,sone{+

equa.tiona

J--
- -9- - 2 -¿tr6o7 f

f4Ta e, xr -- A'r'e ---'v

r,rhere J E thernd.on:Í.e emtsrilon ån ernperesy'ern2

JI e a eonstant depenchlng on the surfa,ee ¡r¿atçrÍ.al.

Ë s the worlç frurctÍon of 'bhe m¿r,ter:Í.e1, ån 'rol"ts

T e the ùernperature o.f the e¡uttter Ín absolutCI

clegreeso

ForLhe eaesÍ"*a-as¡t5-nrony' swface of thc 9314 eathode

P :ui11- he epg.rro.rcï.i,ne,tely ono r¡o1te anc'l. *{ aboub OoJ" a;rrperes

per Bqtie,re centi"meter" The 'bhenrå¡rr¡ic '¡¡nåpsion from 'ì:he eathod.ç

at rçom teinperature, t}';ernu v¡ålL be oi' 'bhe oyder of 1"5 x L0*S

å,nrïJere$ Fer sü$rere eenbÍmeter', or a tot¿rl of about 5 x 10t13

fl.?TÇ€rese Tf ì:he tu.be ls operaÈed at g0 vol"ts per stagee the

overall gaí.n is approx5-ura.tely 5 x 105p yieldÍng an anode

eurrent, due to thernrionåe e¡nåsr¡ir..n fg"om the eathode, of

3o5 x 10-? arnperes.



-{'b ftî¡ ice -Lemp*sä'þurc t*"ä35k.} u thse Ls ief¿r-Lced.

tç e-iæut 3r5 zt 10-1â êlmF.rses¡ a;rri e.t i.åquj.cl oqËÊt? temperaÈi.rre

( *rcotm,) to 615 s 1f;*# åiåpsres*

ït nay be eqpo*-bed. :bhen3 t.hat fÌrr tiLl practåqaJ.

pt;rr)ÐFôs$ tiîeimj"qnie êraåssåon.. s?gff 1rø conrploÈely eli:nånatod by

e¡ier*üår4 the nrultåp1åer rib lgç1r:.td o?rygen tonrpera.burer

lhe s,i)ove ca-l,eula"j;iollo i?,o..re.ver, {gnoran e l'åeld,

enj-ssåon effect' r'ihf.cir ís unctonr¡ted]¡r pr.esent, ciue to üro

t¡ote¡rhlal pf tihe fårgt.. if¡node, In *he abnence of *n exterrraj.

fleJ.t'lo the potenÈls"]. barråer glb 'ü,be eatlrode ffæface åo r+qghty

of Èhe Íb¡ro ånrlleetod ín *tigrr:r** L(e.) ana, ns 'Lhe caLsrüf,tíons

lnclåeeteu t"ne e3eet¡'enp wåi:hån -çlte g¡;¡g-'f¿rce lre"ve, eå tsw

temperaturoÉå qn *xtreneþ glnaål probnblJ"íty of attal*r:iqg

enough euffiHy'bù eoeai:o. Tlrc presCInee of an exbernal" eLoEtEo*

sts-'bic rtis]-d a"l,ters thås såtu*rtiçn .iry 
cirurqgång Èlre shap.¡ of

'bhe berråar a.s åeäåcaÈoct in Ffuuro r(îd " Jin elec.tscn neuf*¡ü

in'suff,icient,'enorgy tc e*cap0 aven t¡lq bårrå'}r' ¡xüû }ras a

fj¡rli¡a prrbaÏ:$Jå{'y *f pOnatro;bí46 i-h a.ircì. cocapj;¡g e.ren ,¿lre pu¡rf.acon

6*

ihgsÈ;ron irae deuonËtrated Èhat èhås effoct, con-

bråh¿t'es to 'L,he uo-së,J.lecl the:rulonås ckrsk s,urr€nf¡t4} eo tiîfr,t the
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e¡uLsslon from the eathod€ at li.qu.lei o)rygen temperature, Èhough

smalL in :uugrúNu.cte, Ís not completely' absent' The nelb effest

in simílar to 'bir:if: of l-owerin,;:: the lreighrt of 'l,he I:oteni,ísl

baruiet', so th*,t Ín aúrli'tíor¿ to inereasi-ng i:tte dar"k eurren{:,

t,he oxternal flel-cl rnúl-l- iricrease the photoeS-ee'Lrir: effi-cåency

of the eatï'rode. üonsequerilly any atùençi, a.'b redrrei,ng the field

e&lssi.on by ll,ower$.ng Ì,trre potentåa} of t'he first dynode lrill

resul.t in a coruespontli:n¡¡ redueùi.on ín ptrotoeleetrie sens:itJ-vä"tyo

ln aetua-J- operatione å, to¡r4;ro¡nise r¡iusi: be reaehecl betweer¡ rqårÉ-

rirurn baekground ancl ma¡rirnusr senn:itivityo

kt¡ile Shis díseussiori has dealt suJ-eJ-y uJ"'{:h emfssfon

fron the ea'bhode, sirellar eonsiderations âpply to the d3trodeso

llourever¡ th*se ele¡{ren'Ls r,rfL3 ¿ontrj.but,e ^bo 'Lhe 'bltermloni,c dark

euruent to a leeser degree for r1;r'¡o veåsürst f.) clect¡'ons

origÍnating at the $nrrodes underg¡ l"ess n"nrltipSiu;¡t lon þefore

reaelúng the a¡rode; and 2) the ctynode u¡ork funetion ås

Ïrigher, resuJ.bing Ín redueed ttrermionis e;¡rì.ssåt¡$. 'fhere ls

little Èo be gaåned b;i operaf,in¡¿ il,t, lslri i¡rt,er-dJnode voltages

síuce tÏre onï3r sågi:rÌ-fíeagt effeet ís 'bo l'ed.uce tlie cverall

gai,n o:f the tubee learring the si*gnu,I-to-noi¡Ðe ratio xrtcltenged.

l¡dhereas the baekgr'ound due ùo theaniutri.c euÉssion may be

eov¡trollecl by refrågera,ti on as Índi-eated ai:t:vep vÈï')r LlttLe

san be done to :reeluee lhe otrr¡¡rte leakeige" ^An atteuçt r.vas nrede

'Lo nrinir¡Liae this I*akage b.;' strlppirrg ttre basç flrol* a l-PåL a.nd

carefully cleaning tire ¡1l-a.ss enirelcry:eu }:u'b thås procedure



al{få

ylelcled- no pertepbi.bl-e åviprove:*efrt. l'b r,','as er;ïieludrrd ti:r¡t 'bhe

oh¡r$-c lee{eage ï"n¡,s akilöst ent:ii:el-;v- cl.u.e 'c,o l:*nr itrnu"la't fiorr ln
'b}:.e ån'Leråor o-f the tr*:eo

The a¡¡qrc.le c1¿¿rtt eurren'L ÐÍ sev*ral LF?L ¿,rnqi îF2iå

irhotouir-r-I'blpJ.åcrs rtrrirs rìrù¿lltlred at rooro 1,ençera"Luru by

enclosi"ng 'i:Ì:r¡ tuÌ:e i.n a li-g?rt ti"gh'b l:rass c;,linrXer aircl

conneeting a it&1vav.:o¡retetr crf l-0-9 anpeves per nd"llåmeter

sensi.-i:ivåt:i' lietnreen the eolf"eetsr anrt 3::igh tennlÙn su¡:ply'.

ïhe approprtate d;1mode .¡olt,ages hrÈT's strpplír,:ci b,t¡ conneeÈÍ.ng

a bl-eeder of ten å?OTt resistor"s between tkre påns rf the 'Lube

so{rket. ,{'t, 90 -r¡oïts p'er sl,uge tlre bacir6t,c¡u$d varj.ed frorc

tuhe to tube between L0-? a¡,rr1 10-6 anlrueres as expectedo û¡rue

rrLrltå¡:låer hor.:ever¡ (a WË}) had an anor.l.e clay.ir: *r¡¡'reri'b o,i onþ

S x L0-9 èiðperee$. Thiu i-n,1íc,''c,ed not ,:'i¡1.:,' go<:d i.nt,orjr-r:r ånsuIa-

liox'r, Ìrut also eLths::" ex'brelirely Lor+ 'Lhey.'inÍoníc e¡;L*sie¡n or

u.r:usuaJ-Iy' .T.or'r ¡5ainn 'fherruúon$.e end-ssiÐn oil tlij-s siagnftride

eorilct ire aecountetî .fr)¡:'h.," a,seuuri-nåi å uork fturc'Lio::i of, ¿¡,bou't

ï'i)ô volts. Tir:l"s r'souLcL rednce {;he e¡¡rÍssion from'Lhe cabhode

at ù5o¡c, frori ? x lo-ls a,rnpeï'eg (afog eLestro¡rs i.ier uúnrrte)

as Sireviously caJ-eulated., to aì¡ont- 1-t-39 aìr,I]$resj or 3?

eJ-eetrons p'er ruinute. There r+as¡ th.eno a possfbilit;f 'Lha-L an

adequate reduct;ion ån t,ir*r'*rionåe þaekgrourÌd eould be obtained

by operat,i.n¡3 'Lhe nrultf.plier at dry iee t,enrpera{;uree and it rvas

eeei$ed t,o Lrivesl,lgate '[he periurmante *f th* tuire at th:is

tempera'ture l:efore procoe'li"ng uith 'bï¡e atore eomplieated and

ercpensi-ve problenr of ref,r5"gerê,t:ion l.,rÍih llqufd orqirgen.



l3rì.üffiFntri,iÐ ÄT Ðp,Í ItË T$rFjl;ft:tfi¡f"¡t

The conl,einer íllustraiiecl fur Figure 2 s;â,É con,stirrcùod.

forii:le FurFose of coo]*i*:g l¡he 'tiul:c -r'iith cl"Xr ice, tho inner

cyii*d.er nÐi-ffi evacrtaùçd. to a'bcu1, 5û sj.cyo¡rs iï.eÊstlre i¿ith a

tentr¡l- $cientåfie Compaqr r¡Iiypeirrae?t necha.rrLceJ- ptxrp to

prevexrt co¡ulonsetíon of nçísture ,amund È]:e electrj.c¿ì-]. -hernína.-iso

Tir ord.ei' thc* 'bhe cethode ternpc:.ature migh"., 'l¡c est,i.utetod,, a

snall coi.l of numi:or' 30 coppcr s¡:iro tt&s rin'úad on 'che eathode

¡lf"u of 'bhe photorzuJ-tåpJ.åe'.r and. eçnneçtecl L¡r Ð$e s-?¡n of ¿ ìThen.&*

sione brårlgo. I'i;s yesj-st*nce ¡.i: troon tompcnittuu tjl.?ot,), r¡rp

cletormi.nocl ¿nd tlre ç9raph of Fígure 3 d,rarm¡ u$fq3 the lnrome

temper.r'-ture aoeff,i-eienb of reej"isri*:,nqe of eopperr

Ðsth a galvanomeÈe:: ¿;trd c. 3:u1fle*courr.{:Í"rq *ysten rere

employed. f.n neaei¡::åpg i:he Ì:eciqrrunii of the lFAt. Thc gaSro.noincter

lirevåoualy nenf;åoned, rr$$ eöaåxeeteä J.n 'b,ire r*rocle cfrcul-b a.ud

si¡ltrr'üËr&eous readj,ruj* of e*lode c"ament and teuperye.ttæe tslçen ¿ig

the tube ceoled" Tl:e rezuStlq* ,Eraph. åCI pJ.oÈ.beci ån l'Ígure S,

¿ln#. slxov¡s a ¡nån$mu$ ci:sr+nt of, ?-oj x :"0*9 a.npÊrðp qtr *3Ssfi,.

9.r

Th$"n p'rocecluro rr.rs.g then re¡:eateei trså-rç the pr.rlse*

eountång eysi;enrc fire galv¿;rnone"ber yr*o repl"aceci lry e s"5 negoluu

anode resíÉÈor¡ lyuJ"nep derre].oped, aerr$s thj.e ::çsj-otor T:eþg feú

tl'rruq*3r a oErbhodc¡-follouer e;ra }i:roar impiiÍier :i.rrto e scr.uîe of

64 sncf meehutsi+tìJ ro¿5å,*'berr (Tho cårcuåt eomponents ere iclantice-1.

'¿¡i.th thosç r¡ned 1a-ber ån ùhås ¡lxeJec-b r"ilC ruiJl lre deserÍ.hed
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orrïrsocluenlil# gn smmo cletaåL*) *.dJusltebt-e pr.l"1*e-hoíght

di**r5.¡aånaùi.on ry** p:'o'råded. sn '*:,c ås4¡ut ci.rcu*b o3Ì 'L.hç

anpi"'åfåer, aLlowÍq; l¡hË ee].eetlon of ¡rny on$ qf 3û d;iÊ¡erd"m*

åna"'bi.on levels iretr.'een J. e.stiL 100 n$å}i"voltis.

.t -lutrgh edcj.sÐeåe of f:lre e:qpect*d. eur*rqiê þack*

grounci pul.s+*hei€ht rneiy þo obtaåned if the ¡pulele åís E¡ssu$efl

tn i¡* a" Ér$;.&rei-ç&vs ¿¡r(1 the c;L:"çu;ii.r: tÍr¿e*const¿xrtp zucìr -bhe;b

i'j:s 'i'd.dth åe of the orcler or lü*5 ,secanclÊ. A pr:ree origlnated,

þ¡¡ a Bir:g].e el.ecÈ::on leeç!ry the sablrode lrj"3å, on arult¡a] erl'

bhe e¡rode consipL of ap;oroxima'treJy 105 cJ-ec'brons (år tle tute

år op*:raterl *.t ?0 - 10û voL'be ir+r s'bo¿e) p or e cher.ge of ¿1r,e

a?de" of íà x rt*Ló cçrü-onib$" Tlr* ånstnatan*oug .rrnlu+ of üre

10,

eu;rr"enr, 'L,li,eno nlbjr;c-L tio -blre ¿rjrove o.srrutptåonn, rråIl 'læ ã x l0-9

s.¡ïÀFere$e yåeldiïlg ,* vol'ba¿le cirrp of ls{ rrcrts írrrr1}Êg t}¡e t¡5
megohm enoile re$i.s't,or". fire esi;lrscle follone:: ge-1p ,¡¡as: e,bctr"t,

0rs so that thås ','mrrld reçu1t in e pn]-so o;f stf.glrtfy lece t ran

e uiå"J.J"i¡r*fi; *,m'år¡iag ûi the arrrpl"åfåer i*r1lut,ç

llowøreru rhe col¡n{:åry i'q,tË of' Èhe e¡rete.;n i-Ías J.j"nåteçl

ïry:the meche¿r3"caå x'egåst,er åç &hÐ1rb 4fi$0û* cflåB}:s per *råna1:e,

requ{..råi¡g* aå 90 rrc¡Ltn pÊr #ba6er a +lleer$sånatlo¡r }svel r:g ffif3
vori:p to prevsnÈ J¿rnuqåro ...t, rçsn tenpe:iature, The cle,ta ploÈted

i.n F$6ure ./¿ rrere çirtalnod ç¡híLe.. opereli*ug a.h $ri.s J-e,rreJ,*
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lhe teäepers'titrre plotted åa Flgures /¡ annl g ,erou of

cs'rt'F€¡ tho*e of, the eathocle pfur on 'bhe hase e¡f -bhe muL.l;[pl*ier,

nol; t'tie aetueL er.i,hode t'enBeraturcs., li%"ereas fire r-çÊJí$'oencç

ccåJ. re&cheú el con$Èant, *,eflFor-atir:re ln ¿:?.¡out ljr. trrow,n, åù li¡es

ovor -bvro hor.lrs bçfore the bacl€rou¡î,* 5:ulse*corur*t, rea.*i¿ecl a

Étð"ble i¡*J.ue i Ðr^rrlry thås Ê+clclitiorur.l half-hou:: rertu:l;rçd, 1¡y

the ea'i'l¡oúe "bo :':oe.ch s*l eqrrÌJåbri¡,ut tetrperaturo" t?:e bacq.5ror:nd

clruppecr from 11"5 counrls por" nàrrubë, {rF åuüj.*a-bçc1 $"n F$4rrre g,

tç 'É counte per uúTrriier lio sush Lag r,ias oþsetrEr{rble Ð& the

6e-lnanoneter scale.

Tito baek6¡:euJx#- count e-t *]gÐg o &ïrcl a 1 ¡nåLl;lvçl,t

d:i.scT'i$iaetåon iwel na$ 110t Saelnes per ni:mr-be + sörlgÍ.derably

h:i6irer t'iran ¿i¡rtåeåpate€r r'b 'ç'm.s sçncruded thet forr n¡rxlsrmr

sensí'bivåty i'i; rvor:-i.d iæ ræc$$frsrry tÐ oSrere-be i:he pho.L,oiuultåp1å,9r

rb låc¡li.d o$$tssn'bemperatut:eu

lf..
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fi¡'f EfiÏriiCTÏÐI'I

T}:'e arl:3:u;"at'uÊ rryas irdlí-i.ù s;,ounit a J.pÍå hsusecl j_u

n asnùaÍ"nor Ïro]-dån"i Li-riu:tci. $;-ilruene -bhi.s con-bnåner ber.fur5 pleeed

so -hh{r.b ì,i:e 1*6}r"b "fron tSre¡ oü'bi:*-, s}åt *.1' -bh.e nonoshromator

l;r'ssed itiu:ough c ç¡i.nrios ån the outçr ri,ut3¿ to -bh"¡ e¿r,'oi:ode +f, ür,a

irlaot,onniltiSrS-$.er* Ti:.e regu.i"tåug p;åreoodevoropocl e,s::or,.s 'bhe

ar¡nde repistor ç:f tlre Jl;¿3,, ,i¡o:*É feri -biunugh a esbhoc'l,e jb] lo-r.¡oy

tu:ä linear *np]-åfånr to .bha realfug Fã]í"ìi, ,L frL,jh va.ptåu¡r Ë,tr.Ð

:.'eciuÍred in perb of 'l*ro sog:taiuor so th$å ¿ .r¡Ìrcfl.låi"r uyrionr also

had tr¡ i:,e €isseni*-od.o

Tirt'l uppara'tus l'¡:11.1 'be diseusrsod j.n cieta.il. u;rcJe:: .the

foJ-1oi':ri*g heeiclårgsr f) ilie 1fqi.råd o:qrgei: çontainer3 ¿) the

v&slxuta øystemg 3) tae eieöbs"onåe cåz,cr:i.b5 ærrd Ð the

mono*hren¡'.toro

J.? o

r¡Íí,1 tïqïÍrÐ t]ffüF.ii.Ì t0rruAIÏffiR

Tho rurii:. c1Í.ff iØút åe s ec eompÍllÐrål$ refrf;; or*.tJ.çn La"bh

låqru-Ì.rl û:'ÐGen ðrtrçg 1) coyr*ensahåon of moís'hçre, enr.r fr:g S"oaTeege

j:eÈr¡een sle*tråsa} co¡r'i:aetË¡ ü-uri fogg:iits of light*acinif-.b,i:i-rg

"r'rå.ndovrsg ä) hhe repåi1 re.t$ *f +vaporatåsn çf -i:,h* 3ia.u!.dr j"ft*r

uirrvey$.iq 'bhe ¿r"¡e.ùleil,Le 1å'h,e"r'atu:re on"bhe zui:Jeete í.i rras clecid.ecl

thså .e. ¡ierlåfåca'sl,on sf el sonìle.$-aer rloscri,'becl by Ho y¡'* .¿qlc"ti."¡m(5)

rroui.d bo nos'b m;uå.Èable åm. ç'.¡+reonlq¡ th*oe prnbleruoo iftrin
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ççrurÐãì.ineru å]J+-øÈt'a;t,ed ån 3'{çru:.o ó, eonsås.be* of ¿ anaJ.l

eyli.ndr$"coÅ iianlç *f for:î' l"å'br+$ eai:a*åÌ:y, s.upported. lnside

a Ï.ctrger oeuuïlster osr tl*.ee in,su]æ"tåFlj iegs. Tire space 'lætween

-bhe ta"nks vffiÉj eveËuðtecì* tþe ånner ane -neír¡6. asoeseåble for
f$åi$.:qi¡ rdth orygen through a, l*.'ge dåarneüor glas* -bubo. The

1:Ìro'hor't*Lbåp1.ler :ù,raËi $rlpForbecl W ibs har,é Ín a beirq¡ 'Ì:rasË sSoeve

on top uf 'bhe lryrc= coub*i-irçr, låghÈ ?:e:tr€ Édrflli:-bÉ)d, to üre es".l;hode

thro,¡{s'h r¡. ef,i:e&Ts.Í T.ri.rulßl'r nonsí*Èir¡l* of a ;olene fi_ashljght glass

f¡çÉ¡J.çd ån the cutor salJ .rtth Ðdiirotånoþ s€sì€nt,

Fs'as* u¡;is used -bhrror¡gbouÈ the conot:¿rrction exeo¡:t f,or

the aylånrlricej. r¡atl çf -bire outer.benli ìg&ieil .r.ìå$ gr* IrÐ. eteel
påper ;L]-i scer;l$ wevç $oft-*eJ.dered. Ttrle nutråJiú€sof þeth tcrnke

l;oz'e chrçnriurn 3rJ"eterl, o.nd the ínsådo of, ilre¿ li..rgor oac c¿rd¡uiun

p].atecÏ to .ïedücç) 'bhe s::ç]rs:q¡o of rrøat h,¡ re.clís.tfon, Thl# vrork

l;rßË doxl.o þ Tfånnf.peg s:rars Lt*, Tho use af eaclmårxr pl*-be læLr

Peeossi"tatÕd hf "[,ire fotori 'bhet tho ho.liÌiçm sf ths oul$åcie "caa]r wem

solderecl ån plaee befo;:+ hhc pletå4g operatårrn, rend.erfr€ åt
ånposeliil"ç to d,o ''n adequase plehf.i€ iaîr .,,rl.tla ehrouiïÌn.

The $*n+r t*grk r'¡n,s zupBor.bed þ frluadurn thiæbles, nåire

centtæeterp J.n ]"erlBåh, ehoslen þeeeuse of fl¡c J.ov¡ Èber-r.mr esnclue.b*

åvity of 'bhe meterlal {aÏnut .3 $ ts*4 orgrgr traråls #.É esïírpÐ,red tc
Ê x 1s*3 crsrsr u:ruïts for gl.*ssr) Tirsre aro other rne.{:erf.alo, of
sslilrÊË), nu.eli a*¿ paraf'fåæe beegwuE or ¡äaeonj.teu t?rat have oqnal or
hetter åneni.lertåiti prnportåes, brit their r"e],a:rfåveþ lor'i strenggro

reguåre "bhe use of L¡rr6e:" yolt¡sres of nr*rtei{a3u reru¡}t,ång ín greater.

theiina.S lo$ae$r

13.



The fl"ÏJ-er Èu?-.oo cl¡È¿råne"d so¡atlr+rcåaåþo '.*;¿¡.s of Pyrex

i'{.tll Kovctr errc}so Tiie lorrer oncl xe.s r,of'þ*gorcler'¿il Js¡to -b?re top

sii i;l¿e ås:nç:r çorrLÐåner,, *;'tC- th,,;: up;:ey en* 'co a fir¡ra.i]. stcel

beLlo,,'¿*. fi:¿lp heååow,r, vi:åc.h w$s Èhen sold.erecl fnto tSre top

oJi tl¡e outiey "ber,h, sç¡vecl, to roålerye thç Sållei; ,ouber af cqr

stp{¡ån d'l.te iio tåre esnti*urc'b;ln¡l of Èhe å:rnov' 'bo¡k r/n*n reclu.sed

to ].Squå{ì Ð:äËeã} tem}:erati:r*:. IÈ r;¡r* oslif^netecl 'bbat tìri.;* eoir*

tras'ilton r,,uu].d. Tr* of '{ihr: oliley, of one $:i,J,Tíine¡-ber, ti€hi; rr*"ø

pi'ev*:rrtecl freilr reaehln:; the nirl.-båpiier rïrror¡gir the gln.cs ì:ubo

¡ry pluggj.¡u* i:!¿e f:i,ïL+:r iloi* iråÌ;h ¿;. ariï:T:e:. *bopp+r, ¡i .{i-,r,r¡*f.bot

i.engÈh of, sr¿s-l.l- bìL¡lelc rubbe:: tu.biìn6 prshed ånbo e s,ore å¡r ljie

s;tnp¡l*:' r:Ïlc¡x*d" evegCIrat'i,ryi o*Ïgün Èo *seape nå*hcu'¡: arlei.i-"ång

I*sh'b';

L&.

]iteÊsÍl i;o ti¡e nu1fÈp}íel. ïJÐ.fi g:::,c.i,'ided, þ a snol.l

líd go¿¡lecl ån t]:e Èop of -bhe cubez' te,irlc -1,,åth J4pfulfi#n ¡rlJtt r

ïÍ1ec,tr:'l"e*l ]enû,s lyore 'i;sken 'Ðlxotrgh pÞrycx beitcls sealed in -liho

Iiä. Thcee L.eade, a Éotxneref,al pro,CuÇtp rrro prcvådr:rL l¡ith a

äov¿r pårr alrcl ceatre Éf,en:e Í'lle ri*rç Her'ü, soÉl*goLclcrad clirract;þ

'*o 'the Líii.u Brnvåilf"rg e, ti:ou'Hle*ft'Êe v{iauãn nea3,

TIïLE VÀ$lJîi[I $f$fBil

Sire raçi-run ne* maånb¿*i^t-tecl betv¡een the rie].ls of the

sontsåncrs b,i å?e*:rË of *. moclr¿lnåe+L pr:.¡sp (Centrel: $cienbåfie flonparq¡

Tìli¡çervaetl va,sill-tn p'r;fffi) i.n eoråç*: wi.tir en oå1 df.ffuei,on itÐoptor

p:qr;¡ {n¿ståLlet:LÐ¡r Produ.ctp nodìei ;,ln ?â?) r(6} tonnectiEns



L5u

hetl,'een ths unJ-tg, lr'*rÐ riå.i:l.e iiith. brsss t;r¡bi¡:g cci:.pled rsÍth y'ubber

hôseo JllJ- JoÍnts ',rsre pe.i-nùecl 1:i.beral-3.y l',åt,h r:ed gl.¡,.pta.l.

t'ftii"e i* uras:; not, eo::sl-derCId. n*ressel:l 'L* {¡¡s}Ìå'qs -

våcu.ltiJi Sìu.êlrè $-n the s;rster¡.r 5.i t:as esttnni;çd. .{lrom the rete of

evo,poratÍr:n of *;þs Jfcluicì- o:qrrlen th¿t the !Ð,euuft *bt¿irred r.ras

of the orrle¡: of 1"0 rii.cr'orrr or t,u:tt,er,(û) Four LLtr*s of i.lElid

û:rJrg$flr Lasted fron 36 bo 4.Ê hoursn Leak¡¡ r{¡er'ê rq:ê.dil.t' rlstee'bed-

as the;r f.¡¡unedia.tely resirlterl in sparking betr¡¡een the hi.gh-

t,en$i+n t,es'rqtnal"c¡ on t,hç¡ tube. bnse. ,-'i3rls ås chre to a varl"åtiön

Jn sËarlsi.nrE poten'b:i.¿rl- v¡ith FressurË, If rn¡e consíder tr",o

el"ectrod.es -irl*rcec,l- ¡-r fåxed dl.stance apari fn al,r, and srippose

th.a{: tJrtr g:i'*s{ìurs of t,he ¿llr J-s slowþ redneeel, {iren t,he sp¿rrking

po{:urrtÍ-a} 'bet"rreen t}rer:r s-l-otd-y decreaseñ urìtíl- åt reaehes a

int-ni¡¿un v¿lueo Tir:Ì.s îiii-nÍ-nurn clepentls, ef *our.se, on t,he shape

*ntì" s¡raeì..rig; of the æLeçtrorJ.e$. .Ao the Tlressu.::e ås rerluced

.further, t he sna¡:'lrin¡; poter:tíeJ. råseÐ qlrtt,* r.*¡:Í.ilïy. ln t,he çase

t.tnder cottsÍrler{¿tl.nnp the pressug"s lnias belor'¡ the point o-f urinånnrm

spa.i:ïd"nirq i:o{:,enti-a1, so 'bhat a sliglnt increasc :i.yr pressuro due

'bo a L$eJ:; in t?re s5rst,e;l redueed. 'bhe s¡:rarl,li-nr; potentl"aln

e&usj-yrÌ å clischarge bol.,,;een '[:h.*: hl.gle-tensi-,¡n 'ccrrrttna].so

rlm .üï,litTlT;Ð¡ùIil tTa.üuIT

' Ttre eleetronic eLrcu-tt is sirsrÁrn schenÉiricall¡r f¡1

Få¡nrre f, anr3. $m.y I)e sub,:l,ivícledu for purpr.ìses of, diesussionu

l-nto tÏ¡ree unl.Ès¡ 1) the 1:hotoruulhÍp}Ìer and. e¿thsd.e folJ"ower¡

* see re.ferer¡*e (5)
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e) the l-inear ¿rru'l.i"iåer; a"nd. J) 'Lh¡: seaJ-ing rin.i.t.

Tl.re p?:ot,olir-r1t,i¡.:1..1.es' a¡til. eËLi:Ïrode fsfl or';æT eirq:ulÈ 1s

-i.il-u$ìrra.t,eù in få¡iu:'e Éï, Th*; ï:i¿;1:i 'LËìn$ii.or¿ su-t.!.;1y r¡as taÌ,çen

from t"he i,'.1 . T. i"ïi:-,rì:rrå,-LÐj.'i.ir i:he sc+.ler'[,i:r¿:il¡,:ti ¿,r. rû-å:Lia]- cable

tn l-,he *s,tLcl.ììe fr:f.1"¡::trr krox., aü* t,b.errce 't,,: *r. bl-seder sf t,cn

2'lOli resist;ors E:o¡:n,*cte,l- J:¡r¡rt-,1,rer'rn 1,Tre cl;raod.uu" Ths rclgístors

a,ri¡r rr.'i t,i:le i-:ase of t',he ¡r:ul,t'ì illi er socket J"ncrea.sed" to ¿¿-oout

320.T1 .:;*ch at l-i.iiu-ili ;l:i.i: tlurperr¡.itu¡'ir $:;'f,l:.:r.! t,l,rr, v*lt¿¡1e b+tr"teen

'l;j:rs' -i-t;.r-i. ll.i,':;eir].e ¡,rnr-i t,ht, co"ì,Jeetc¡¡:' Ìl:Ìås *1ìti'i-LJ-y legs tlxrn t,he

T'c;ii:1!ntit,,t 1.nt,or'-tt¡norie vol.'ba¡iesn i]i-nce ther.e in no nii-ilLípJ-i-

ca,t:i"ln at l:hc *o1',o';1",o:r., t!:Í-s he.r,; r.l.r: ¡irlrrex's.:e e_flíitet çn *1t+.

iìirr:rjf:sltïti)itìr:e |rf 'l,hrr t,rtbe o

16.

Fulsc:i derreJ-orred acï.ö,ss 'bh,e ,rne rre,y:ohn ar:cd* resåsùor

ïit;:re fe{1 t}rroi.l.çl?i a 50 pf. ennelc¡:ser t,o the sr:,:ctrol ¡¡rlrT rf the

cst'n,rcie foll.ourer.". ?he 3:1-*-te a.nd fj_J-a:lr*nt suppl.i" fô:: the 6ÂG.5

ïiel:e û'ilts-i^ned. :os'orl th.* sce,l.€r Ëol.xrr sup¡:}¿r t}r::ough b!:e æup}i-f,Lero

'.i:he t-:Í.i:cui"f, çrii:i.pcn;;ni-.n iniU_catecl yíelded an arlc¡de cu.rrent of

açproxial.bel¡,' i..hrce :l¡j."LLiar¡ire::"çs r¡j-tlì an aRod_e rrolta¿e of

Zlitl ,rolt's nnn th* scv'Ðei-ì ¿¡r'åd rlropprisr¿j Ïesi.stor.' ¡:3.aeed i;he

sËl:een ¿it, o.1:ou.'i, 211.0 vol-tsu t,lre serËen currçri'ir bei.irti e.br"¡ut 0.8

liål.lia:ii¡:r:Í"ilsc Tlio c¿:.thar[c t¡¡.',s: pcls,r:'i-t:lrr* -'.'.ri.t]r i"es:peet frc] r';r orind.

by;?5*É r¡ol..ts and.'Ltie súret:n ¡.;::id bia,se* n*¡:;atÍ.r¡ell¡ øi'LTr respect

'Lo f,l:.: *atiLo'ìe k^¡;r J,lt volts" i:)1ot,.; o-i.'tir.s $tat,:ic *r,r.¿i-ilsfer and

h"la.'Le *l¡.i:-r:,'ct,*ri_st;1cs ir:. tht: ::e;¡îicn of ope:la,Li.rn ån'åj.c¿¡i,ecl

r pl-il'Lc r.'erii.st,enco, Ïlr: c:t ¡r'rl:r.crxj-irr.tt*Iy ûoË ..:eji{ît.e ênd a

'Lranscnndue'banrle, g* of 'Lhc order of, 1200 xrieroÞhosn Ffom



'olroso values the fol-loli$-ng uere efl,lcu*lateelr

fuìre r'lnpli-fåe:at åons

tutpnt, åæ$¡eclancea

Valtag e en¡:I"åfåcetione

lvirerç Re Ë eÊtthOçle T:l.e*s îerðåstor

a ì -,
æ b' ;Ð ¡ir

The ea'biroclc fo3lex'rer r.?as enelosed ¿n Ð. Iighf,*titrhÈ

box desÍ¡ined. tq fåt over tlte Låd *f the i¿quiil olryËen conteineru

tirereþ preveubf"E¡ otray l:$M fron r,eaelrtrqg "bir+ mu-ltfpJ.Ë.or

-LhrorÀfh the lryrrex beacls+ Th.e 6*ß5 rrurs eareftally .r,lrapped =rnith

$$ost,sþB! eLq¡sbsteal" 'c€+pE: to prworrÈ iihe orcape of ållrunirmtåon

f,rsm tho fiJ"u¡r*nt"

Tire J,ånçer i.,:npïåff.er (Irua.l,ea¡ Tnstrurnent ¿urd thosriaaL

to&prr:,$y ${ocle} 1ü6L) vros r:legi,gnod for or:erntiåqn f,r:an .i:ile sco].er

'poï-üÕr suppiy (L5ç ¿*i¿t 30CI vodo* u, 6.j ïrii-¡ür). .0, 3*pån orrbput

¡:1u¡1 was artdod. Èa ttr+ anrplåfå+::'be c*rr1¡ Ì;ire úrj v, u.nd. jü0 v.o

eu¡:¡:J"ioc on to llre cnblnae folLor',rerr Tire pul.uep ftro¡n tliCI 6åü5

eaÈhoüe riel'Ð *qrllåed by a so*a;cåal cable 'Lo e çathodö*folre*er

ånptr-ti *irsuiÈ *.n the er,apJ.åfåer ì:avång ár neÐ"sirr'ÊÉ tl¡ne eonstanii

of eboub 5 mLer-ossr+onc1ø. Àcijtrstr*,ì:Ie prel-co*ireÌght ci.åscri¡¿l*:atien

frrcn 1 tc lûü rnÍl-[åvo]-'br -rîû.û prrovíc].ed by ur at'bemre.ùor in ttie
c¡athcde ei.r:cu:i'1,, Tho ainplífier ecrisipted *f trro Ë*stûge fecd*
'þgrck J.oolrp l'råblr ."âxt ov'eLë;11.1 gain of aþorrt 4.0û3 feecliiu lnto e.

/t^ "iår%* g6A

7- 1- æ lsrfL*o 
/^

+=,oR *of/EL 
þa)R"rRr 

t

1?*



J_S,.

l¡ono$t,Èr,lllii ïi;riitÍ"',.n,br¡Li;or q:'¡"t.Llu.'¿ cl":."r:r;:lt" I'he $r¡erÐ.J1 r,(,jsiilvi.ng

'hj-ne w¿s *-j-¡r,i-¡;red. -1,,:: ¡* heì.;tei: ïiian 5 i.ij-¡,'r"ûsçrrùi1rl{r.

'.i1lIe l:iü¿r.i-:lii.,; unit, (i.trc]-ei+r' jnsl,r"ulicü'l; 1:1,:l CIc¡r!-ci,..l-

{Torpa.lç'3,1þdcl- 161-) i.;i:.s r::'i-,:íi:a1.-l-,7 11.*sí¡:rr.e,:1 :i"'oi'lår¡e 1..itj.'bl-i * $eå¡le1*

ci:u"nt:inil tir1.r*, rrnrr ::'ei¡,r.úl''$d åì. :feir' nii.tr,):1. ç;i3'r3:lit *-'-rir:.;cl-; tn

f¡reii"lj..'1,¡r.te j"i:.''r,c::*r:ttt.tç¡¿l:j.r-r:l i.,"j"t]l th,e o"Ih¡.:r u¡:j-tç. ]u]-nc¡p fr*i'lr

the $ilTll"j-:flei" i.:ej:c fed. ånti; a ri-isc::i:l+nr¿'l,or Ìi:i:,u.L cj.r'r:l{.t

n,rl,jusl:,;il tû ¡:, $,3 'rol.'t .l-.;r¡c.ì, eLnC- ¡-rassecl- o¡: to ¿,r id-¡;;ti:boJ:!¡¿l¡.¡r

Êic¡:rJ.* all úl+ ¡:l;':¡,rì. :¡leûLi¿n:i.e¡r} ät;¡Ì'i-sL,*r'. Tli.e Lor."¡ s*¿J-ing :ll¡¿gtor

u;-irl.* lt'i.lrÌrcî;ÊÇoi:Ì, üou:r'Lj-:n,.1 Í.1'rp*sstb].e ,irs cû1jtj.ì¿{:,r.ï hrere }os'[ :in t]:le

.i¡tìch¿ri:j-û;1r-l- r-'e¡:¡:ì-s'inr ¡r't r.e."Lr¡"$ ,I',:i:(-.È,"1;er tita:i i,lb::¡.:.'b :fr:rt;,r tl-rtusa¡:il

lri;l: ¡i:ì-ìrìtLË, lhe Jl:l.rii':. 'Lc¡rsirt¡l r:lì¡¡ief€Jtüt" i"r: 'Lhe us:1t lnd an

oui;;*ut '¡¿r:Ì.a?:ie i.;råì;r,ieen 5tü .rnd l-50ü .¡ol"l,s"

SHLjg[SüiIHsj*
rJt rT'r'F 3:;lssÌ-ng; li-ni:n t.he phot,rrnulti3.,ïåe:r: r,ins :fÍ-rsÈ a::ralyøed*.r-ir¿r\,1r.i)¡!-:¿u\.r.¡¡1-

'!:.-¡ a i-ìauggh ¡*¡:iiL T,Õirf,:,;l;onogl:,¡:ü¡l¿'l,o:: eonne*t*d.'L,o i:h.* r¡ind.ci,ç nf

il:* col:'bs-i::er aii Í1.l.rrs'ì::'r.nt*d åy: ìi:ì.p,l¡r.e I, Ths rnonor:lrromator

',rå,s ir eonct,aïlt, *t,r.ri.¿¡i;!.r:: 'L;7"9i* e:nplo;,tnç; e, PelJ.sn-jirfiç& prj_s$t

ûTì ií röl"xt:î-¡t::: i:ëib]-c günneütilrl to ô tü,1:ii:r¿,ì{,erf ',*:.¿t::1enã'h1i :ll:,tl¡t

r.'e*ri;ing :fr:oln 4,ü00 'L*r ,{üLlt' ;in¡;s'b::or,:rs. LÍ.gh'L fron the or-rtpu'L

s]-it'¡.':¡lç x'efl*tl*,eC e,t:i::ì-¡¡1.:.1 ,r.ru.i-Lçs bv a À'.5o i:TrJ.snï å¡'IrJ.

foeus$ed. rrrr. 'biie i;LlJ t;:i.r'1.íq":r" c¿:il:oclæ lï a. i:r-iur,¡e-.1 j.*ri$ o'.f:' r:-å.Lel¡J.e

f'nca-t l-*n¡;'L,ir. -'ùliç ;:n::s,,¡L.'L,,ln'i; i',.'r"i atÌv¡¡ :oosi"t:ì....,i:ls a:f tlr+ ïloti.o-

elrrone¿'Lor .lnrÍ c*r:.j:gr.:j-tiel-ï lîü,-',r:1e ì;hæ rrnveiellj4'irh: *rurrt easi.ly

€{cçeçisåb:ì.* fer re$.dingì,
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Ti:e ll:r:tr,:cj^rlo;fìc-'ilo:: r:)Õl:ls'i,ftni/Ei ;ls eupl:1ii:i,,ì_ by dl,*r ,,**tttt-

lÏ¿irctir:i:"er,F.l:!:,) ¿T,s fcl"l"oi¡s g

"Pr"j-ri;;r å;rtj*x of lr:fy.¡-.r.*b:ì-.trig {r\ s 5$93 J¡}

i3;lse o.ll eilrii.vr:.Ì-ernÈ ú0o ìtråsrnÉ

Foe¿1 ier:r¡r¡th* cll *ollJ:i-rl-t or:, .-.t¡:,"1

i;',:J-; scoç= oì: j,:c'l,i-v,.: s I

ì]-i"¿m+:j:*y of **11-:l-net$r s.r:rl,

te3-e ncope oi,' jrl c'bir¡es a

Sinee the focal- leng.f;hs of t-,rre confunetor encl. telescope *rre

equal, 'lhe rnagnÍficsticlr of 'Lhe i.nput slit Ímage Ís unit},. ar¡d

the s.LÍ.ts shoulcl be kept a.t ec1ual r,,¡itlùhs. The normnl slj-t
r,rÍclths for À e 4000 R and 5Sg3 f respeetivel.y. are "001é mm.

and uüû23 rumo $rephs of res,)1uång pov'er ss a functi.on of slit
wi.<i3h for these t¡,rc ï¡avelengths are strorm in F:igurç r0*

1.?201

jI.5 îruts

?Så..¿+ Íùltr

3ï.ü. 1!Iílr
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]iltKüRûin'TÐ ¿\I,lå Sffi,mfl0li 0F FIIÐ9ÐI,JT]LTIPLIITI$

Àfber forrr horrrs &å tÌìe J-iquÈii o:.cJEëï: ccn-bainer, 'tJre

bacl4roturrå of tiro o:,e¿;*inel 1P2i- used. ¡¡as roduceil -bo 4.6 iru-lses

per mírrrite irb l onc nLllàvo-Lt clisc::'i-rairurtion Lovel. Unfor-Lunately

th.is 'buÌ:e clenreloped ¿', oraßl* fir 'þhe envsloi.¡ end ireü 'bs be re*

plac+clr l{åne ner,v nu}bipLåor* (four, LPÊl.Þ 'b-nu lPËÉ ond. thrçe

$iL$") icerc ter'besl for fuecirgrcr.url.e ancl onrl' r. 933-Í,s c'¡e.s found

to he*ro er Þaelground of ouly Jß ErJ.see per ntnute aÈ Líquid.

CIqftden tonporatr:re end I mi33Èvo3-t cilserimi¿ra{iåon }erc}. llro

rei:l*,ånder had" baclErousil.s 'betivsen ttrie valÌre o.yrd 50rûC0 prJ.ser

pcr uårulte. Eh:iß 93L{ zubsegnenÈþ provecl mora prn$íÈive the¡r

'Lbe iF?l ¡:reviously employed.¡ and 'ü¿as nsecl for the reneånder of

'¿lrtl woi.;'k.

"?fi

ït i'xrtE fou::iiu as nsùerf. i.rr ¡r prevåous S.nvestågertlon þ
Ë1e.ne*,Lepåei:,-r-,1 e*rd üha::åûü{ R ths.t a mu"ltiplier r,¡itl: oxeessivcly

irigh ba.clçgror:nd ¡.'b roonrbonpe::e"turc ïJtlLI no'l nuch i.iripircvecl b¡r

eoolfiu;, It is l$ïeþ tlro-b i.n thås ease tbe hågir bacþrouncl ío

kl-rgeLy elue ùo eïcssr¡lve oì¡nåc }e*Jce4ço, In genereå the bacl.c*

ggrorrnil meapurerJ rrå-t'li ¿l Ê5 mil'Låvslt åisçri.ninatåon ïer¡sL *"'L rooru

'tempera"bure går.*s ¿l fs.i;' åix1åcatåon of the bartryrorurd. e'bovo I
niltívolt ts Ì]+ e:q:eatod a.t 1åclratd CIq1jen tcnpera{:ure.



pLt

FTil'Éi$"-]triÏúÌiff Ðï Ërï früiü'ï I01{

In ordeili:o i|el;crlså4c liho Ì:es.|j rcuLl'¿ûp1-f.*r yol1ê€Ê a31it

c1i*cr5"ruånatJ"or:. levc¡å 1,a errrployr 'bbe puls:e-hef-glit cli-styihr"ition r:re.s

ritoe,srmed for tnth ìxrelground pul;:or: rinrl, .bhasÐ due -ho a lvealc 15¡;;3rt,

-.ii.gnnL Flgwe 1l- i,r ri plo'L of' Þackground agaåuoù Cís+ri-n¡ånnl:ion

levoJ" for the l}?Ï Ê.t T|s 9t e,TtG 1"00 \rç3.'¿s pe:i sUage, ;:"rid[ i:ho 93.ii"

eb' 1ü0 vel'tp pel' st€Lge, llesuJ''bsr pT¡taåtred, r,ith a r'¡eâk #ågnåL

(beci..4euunrt zu^btr&cbee1} uncLer" Ì:?re ç¡me cond.ii:åong are ploÈtocl

riÍ.in"i*lnråy f-rr FS.Ei:;:o 1.Ë. It rna'.y be npte$ ftnm ti:e gr,lrplm 'bira-b ths

931-A nt 100 voltp po,r" o'Lqle +rnct ¡r I uùlLår¡c].'b ilåser"i¡ilnlbåon levst

dispJ-ay*d, a lei€lrer eunsitìå¡¡i1i}r ¿wcï J.ower Ì:acþround 'chnn 'Lire LFä1"

operartir6 trn$p:: sin{.1 ¡ir eön{.LtÈonse

Tahl-* l- i.s ob'b¿ri.llecl c1Íyeebly fi:am eTår"ve.$ Ð of Figw"es

13,.anr1 Li? ancl ånclåeates the nuri¡er of puJseo pef rníru.zte feJJ"åry Í-n

ihe i:C;o:r'ual-s bstrr¡oea elcljeicen'L d:iBerf¡mS.nstfon i.çvoJ-p, fablo â ip

obtuånrld from Table l -ry dåviclåug 'bfucnr¡ vafuies by the r'¿i.clth of

ttre intervel concestrec'L (e:çr'ossod ;in testi:=ni.11åvoli;s) r e-nd ¿¡ive*

"bhe epproui.aerlie nrrfiü]sï cf puJ"ser per m:inu'be feå1"Í:45 Lr¡ e tenth

nrilfÈvol"t ra${¡e ån 'L}is nidclle ç"f ec'eh ånterr¡aår The vaSues froiìl

Èhís'i.abïo Fs{} plottetl Ln I,'l.gu::e 13r The cu:vep so o'b-bej¡red aro

'bhe 'o*atrçrou¡nð ff:ct nfgnå-l iat1"çie*læf€irt clirtrilr¿tion c?ryT/eÉ forbhe

93LJt at ]"lc1r:åil oÞryTen "h'eupercr.trtre 1

therç ås o eh¿rresber:iståc ctifferenee be'bw+en thc cllstrJ.tnr*

tiorsof badqror:nci encl- si-gnal parlne*heågh'bs ckås tc 'hl:s f,ers'b 'Ðhs"t

berclqrnrurcl pril"Ëêú mqy or3gåna'he at tlle drynocle* ns well" srg erb the
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üm'riRvi\r"

1n0 * L.Ê nåll[tr*].tn

ïrP * 1.4 ÌÌ

å".t0 * 1o6 rl

l.ó * ["$ rt

3*$ * Ë.0 s

?nCI * ?a5 Ît

ão5 * 3çû n

.30$ * 3r5 rr

.\ft^1,
,e ? E IJ.¡U

4n0 * /¡.$ $T

{..5 * 5n0 tr

5*0 * 6rt tr

6n0 * ?¡0 ¡t

'TnS * SnO î{

ffi-r.

{::OTJ1ùTS/'JTi'mf E

Faelqround (f'åg.fr p) Sågnåf {rre, LA S)
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Il,nEnV$&

3cCI5 * 3.115 niflltrr¡olbs

Lc25 * lø35 n

.Ti4S JJ

corßffis/i"'JI\TinE

Baclq4rorurel $funaL

ar45 * Lo55

Ln65 * 1o?5

3nS5 * 1.95

ÊrÊ * Rç3

2o'l - änü

âA
Jtr'* n J ö)

4nôrl
J¡ d é -?ôt)

J .ì T Ó¿i.É - Á8.tJ

Å"? * 4*8

5o45 - 5.55

I tø / *eÞç45 * $r)Þ

'l*/+5 * ?"55

0.5

l*å

1.3

l"*5

J-¡J
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ea"bliocle" .Aclvea'Lr6e may Tre 'Ldlren of' th.it o, i¡r 'bui:es t¿¿¡ high

baelegroundr by díscrfuåna.bi-t*q* ¿'.'¿ an a.p¡:ropuåe-be leireS-, Ì:hc::sb,y

[í{ilåTlÌ"nd a¡r ånere¿lsocl a!gnå-I*-bo-üoåse ruLtlc ',tåÈSroul exees*ilrs

lcss tlf sensf"tirri'by.

PJi$OLlli'd' TII-{"8 Ð3" rf,}:} gïË.üurr

TÌre reselvfry tine af tl:e eoun'h:Lrry; circuåi; 'r.ra.$ founû

by e nethoei si$il$,ï. Èo 'i:3ra'b u"eed tlith. Giegcr cow¿._bint Ëts$teru$p

rtili.øåry: tire cl-ou"ole Iight rrou.rce jJlusf,raÈec1 in Figure 1{'

Thås nouvçe eünÈ]å$te$ çf "bm l.ó voLt :f.Laphlfå{h',: bri-lbs, oacSr

norurbed. heirånd, a paår of pLnhale: aperdiure$. Ti:e tr,io eollisated

i:e¡ras of 3i6h'u thuo pturluseçl fell o$ tJi* pho'bomultiplåer s$thodç

aitou;b ire3f ün å*eh er¡:s,rt. Tnte::cr4ltf.w; 'i:o{,ir 'i¡ee,¡rs betï¡een the

fårsÈ and second pånboleo irere ¿i g:air of pol*rc{.d lenses, one

fixed., 'L,he a'bhor :feee to yoi':ate" A- r¡c;r1e {njraeh.Lffbed from aero to

ui.ne-l,y degrceou engravecÌ oit {i,i¡e rÍ*r of ti:e inovalúe poleroj.de

lniil"a*'bect tiro reLel;år¡e arieniiat$.on of 'Lho fi.lrcÉ* 'Iir* î:iilirp -sere

es,cl? coanoc"b'cd ån ;ie:'åefr ufi;i:. ¿i i.et ehm gl3elåopçi5r? r.heçctr¿t F,ud, e.

ralålùe&sÈerbe a poreåLo1. col*þåna'båon of så;ç number 6 itry celln.

'l3le rbçss*s.Ès¡ Ìoge-birer .nith tl¡o polaroådse ¡:;,.ovåclecl a reapons.bl"y

eråfå.såI *ðjustmenÈ of Èire in'heu*åty'çf ålåu¡ní,naÈ¿os g¿[l"{,n0 on

th+ plrøÌ:cmrl-båplåery asthþdø frç¡n eeeìr leuip"

ï{oti mrpposo tihe Fçla.rcidr erniì, f,J.lern*irb rurrents h¿ì¡/e

beren r,rlJurbetL sc Èhr""b each J-arup yåo}ctç ar. gç¡1ç*n$e¡ri: coUn'bår€

:rn"Ðe* *,nd lerap trAn :lñ tu¿tred $nr Thip ''i¡iål :reffil:"t ån say I'T1

nÒ



grh.otons F€r $esìnd ¿ri:i.r¡i"n¡3 at, tire ca'i;!:or1c,r anC prcdi-r*ing

observanle puJ-ses. If on.Ly n., o-f the.le ,'*re re¡¿:i.stered b¡r 'fkre

s:/s'trjerÈ rrrhigli ire.s a resolvÍr¡r t:irie to then ttir,: 'c"otal. eleacÈ

t,j-l¡rs i::$l' seconcl 5,s given .b-' nlt a¡d. ths nu:alr*r af eourts

arrÍr,'Í.ng iluri.n¡¡ tl:is d.ead Ferj,orl '¡¡i11 kre N1.n;i.t. Then:

NL -*L æ ili1n1t

or li1 e n1 - (1)

1-n1t

lliore st rie'Ll;y, thÍs ecluatÍon shor,rl-o- he r¡;c'i.ttenl

N1f Tl a n1# B uhci:c T3 :ls the back6ir*unc1"

I - (n1S B)t

FTorvever, Íf rr¡e efraf,rge that, ny> 13, tl;::en equati-,:i: (1") v¡i"J.] ba

suff i c:ient"L;v a.c*urat,e n

Í') o

l.f 3"amp 0rgrr '!"e nor¡r t,u-r'ned on a.lso, pro,i"ucinå3 tüa

adclítíorlal pulses iler seeoncl, tlir:nl

\+ù12æ ntÊ -(e)rw
r.rhÇre n1g Í.s tl'ie ob¡serr¡ed, countin¿ rate . 0tì extinguishå.ng lar"rrp

rlAlt tÌ.ri"$ countf-rrg ral,e r,¡Í11 k¡.; reclu.cecl to say tr, oulues per

seconrt., ancl.l

' Iïp;n2 --- *;---(3)
ññ¿r

*o:ribÍning equ"ati.on (J.), (2) anct (3) yÍeldea

n12 i11 n2

--: 
--. 301-n12ti 1-n1t 1-n2t

ore or exparrclin¡3 arrrf neglect:ing terms in ù2t

tenl*np-nA2 -(4)
ã nlnp
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The ahove proeeÉæ:o wac en-ffiecl cut rrliiir .bhe

f*la¡qent cr¡r'renùs of ì-amps tr3il runit n.B$ r-?5 d]"I"åauirpere*

*.nd 1?0 ruåi].åainperes rÍogpeetåvely and'[,hs 1:olrrroid ¿*<es at

ÌÐo. lÏle obsesrreel ånclåqåcrm-T sncr co¡ubånorl eountÍ,lg r¿-heg

are ffholim ån SairJ.e 3p togetlrer ii¡fuIh the ee-reule.ted reuotrnkq

Èj.moso ftrre svee"eige of, Èlse resoit'J.q;; i;$.rn+s obtaårrerl ls. four

sopera't,e tr¡iak v¡as eTrout 15 uíss'çßecçr¿qls.

,JiJlr6

EFFrtÏli:i{0r ûF, täE ÐïiÏrü0ril{Ë ,$g$Tür

If we e,s$tiftÕ ;.. iphoton *.ncådenî, on {;he cs*lrode sf
tlre photomu-ltåp].íer trsmsfers aJå f-ts energy ,60 a såryle

electr..un 'by a ¡rhotoelec"bråe coLlf"eåorio .bhen *hLs eJ.esbron

*{J.L he,vç n" proir*rÞåLi'by ofl ÞsÇ{{iae }:rp deponclenb *n tJrer pho.b,on

enÊrgy a¡rt¡l 'birc nsutrrEe ôf the emitÈí:€ srlrfeser Tf c*aåtted¡

bl'e eloerlron ''riJr àhen h¿:rre a cert¡af.s. prnlr+.ì:i}å-bro Þ2r of
ptrduoírg an oi:se¿l¡*rïråe puloe dep+n{ent en¡ Ð.srÐru ethps'

fecÈ*rme the a,uerage geeondeåTr eruissiçn rmÈlo o.ild. -li3re prrtee*

hcÌgirt, clLscrS.crÍnatåon J-eve1, The procîuet p æ p1,o2 gåvee

the p:rchrbilåliy tha'lii a photon $.aeåirent on the eslthodo r,"rijå

procluee ¿ur obseí-"r¡ebLe plil.se+ TÌeås proÏraþåliiry t'¡J.H. be

çel-Led'bho tleff,åeå.encf¡ of i:he ayotem. ,ïhe foJ.lowålg



eJqreri:nen'ü l?e"s cleÉ¿gnsC¿ to noÈr,tLrre àtutg effåcåenc;r at n

gíven naveS.eqgth ¿r::oL in'beasity of l-3åu¡ai.r¿aèåopq

To fac$åíteliic fsre *aj-strJ.aúion of tire a¡Trsrult rf
ünff?gy resçlrlìï,ï 'hhe eathoåe, a guJvarwrn+ter lanB ui.th er

strafuht tungsten fílenent rtrp cbosea i'rs €i sorìrcÊ of jJ--ttux*

i.run$Íon, 'Íhip xJ.lot¡ed th* use of a set of tab1es sf
tr:ng sterr fJ.lenon* ehsr¿l st er:isiåqg eonpÍJ,ed i:y La.ilgniuår end

/ r*1

Jones\ */ , ::e¡:rociueed fu:, perb ån Ts,hLel 5*

The L¡¡npp v¡ith iÈs ffJanen-S i:r a v,orbåea3 p]-ane,

luør,s plaeed alt çne çnc? of e ryIír:e råca'l åu'l¡e erbout 13 fee-b

l*ery;. The tube¡ nh.åa,h consÈgùecl sf e¿ ¡:umber of f,çur insh

siovepåpe seretåons pnån'iteü e eÌt:ll ]rlaçk on the ineicle¡ wae

farl$encd. s.t, the ofirer ens-1 over tire r¡i-nd.oçr of ùTr* ÞhoÈa-

maltíplfe-ir conteiner, (irigure 15). "t nu¡nber of stopse pre.ced

at re;rcl.or* l¡rÈervsJs ån the tnbo, ¡¡i.n5rnå$ecl the po*reåliÍåÍùy of
ery tefJ-octed lfght i:oachiug the ¡ihoÌ:ornuJ.tiptlcr. The

f$"3sfteÐt ""¡$.s bl-eckecl, *ff rrer*åeally þ a Srerråaçntar opectm-

Írcop€ 
":Li'i: 

no tirub onSy a maI1 central- øoetåon "u+s våsiblo to

the nulLl¡rLl,*rr . T'Ire sl.lt "',rå{i'bb. -ç.æ¡s cletørwåneci. itríree'ily firoru

the celåbratoci drt:l¡l re*clå:6, ,{ ri.Lter eouÌ:ån*.i;lon, e*n*f.wtiig

sf a Baird Í:r'berfetense fåå'b*r {tÍr?-ä}ågÅ) e^rrd *, ûornf.ffi

5t31" a'bsorry:tlon fåJ.ter, tielrnir:¿1 e n&rjret¡ transminsiçn baird.

/-? a
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åt, /+ó20 Å.e lr&,s f¿,st,enecl 1:ehånd the sl"ítu

llov¡:r f*r "Lhc litir'p r,.ias sqrpl,Ì.*r1 b;r si:'. nu¡nt"r*r é

dry' ce].-Lsr i.n pi*rall,J.€l9 cr-rnrreeted in Ë€-r,-ì.r:s i+íth a t0rj oh¡n

ÍiFlellopott! rhe*stat ¡urd ¡iåili-anet€r, thë ir"*ltage c1rop Ì,letween

Ùlte leads b*irig rne&sured lij-t:r: a v.:ìeuuÏr ùube vol.funeter¡ The
' '.:

.fi-l-a¡:rsnt J-eng;tir ì.re,s Treca.sureel ';ith a'sat,r¡etorjiei:er", íts díarrreter

r,n.íth s ¡nl.erometer¡ Lhr: br¡.lb t:ein,; broken to nuke 'LÌ:u l¿tter
e'IÉasuÏ.'ent{rnt, afte:t' t}¡e ex'{rrj-rncnt uas complç:ted¿ The d-ir-¿meter

t/rÐ.¿).silr*'€txl,Êrrt -ir¡ä,s +-rlbreuely :i"naûcurate rlue .bo ilti: srTlitll Si,{.l¡¿ent

siZo and 1,iå1":': çsç6 r¡nl to CileCk 't:l:e r:h-i¡nleter cAlei.rLnte<t ffgn
tl¡c :{lu¡et:ì.ons íìi"ven j"r': 'i:,lrq: î,¿bIe.

dt)¿

irlo¡"r 1f tire vol,tage cl_r.:p ..irl"o$is 'the .f,i.1åii1eir.t rl¡ ås

l.';nor'.ir:s as l+el1 ¿s 'tihe; :Tí.^lu.r:ri:r:t *llffient, re arld fåJ-¿m.lnt lcn,gùh

l'¡ ùh* 'raLue ofl the functi.r:n víl ma;i be e¿rJcuratecl¿ llheT
corr€$pí)n*iånE; vo.Iue of 1¡Jd g 1,,í (l.rhere lrr s VI) ma.¡¡ tìren be found

1d

i:y lntcrpol".ctl.Òn 'rn the ta"blenp imii t,¡l* fita¡neni: dÍnmeter ci.¡

tletermined' .ï:ior"revr+ru the veluc of ìf ¡rrust be cor.recÈed for the

voJ-tag*: d.rr:i¡ i"n i:.he Ïead.su If we Ïet, t?ie :t¿asured vslue be
!

V r thenl
__t tVsV -ï11

v;her:e B0 ís tlÞ l-eacl. resistnnee. /rssuc;ín,g'Ll:re leacls.bc¡ he.r.t

roonr t,cnrperal,ure:

..0 - IÌl 
= 

t+fl'

'Tãî'



rvi:ere¿ = z'es:!.s'L'irrÍ'l*.;r o:li turigs'i;erl åt 293oK"

- 5.1+9 ¡¡ricro?un crt.
0

I = total lead length

d¡= Iead. tli-¿inetern

firerrVEtl¡-lY!
(o')2

fhe temporature, T, of the fÍlement and its emlssivitS',

Þi, may he obtairccl fro.rn the tabi-es onee the vaJ-ue of Vlt/t is

knov*ro Ë is d.efj-ned ¡is tlte nai;:î"¡:, eif 'bkr6; totat cnerfit¡ ï)iir gquars

ccntimet,er radj.¡¿t,t*ct lry the fli"ianleni 'l,r¡ 'Lh¿¡t' raùi-aterl by a black

ì:orþ ai: the s¿üTre tenperat"ure ¡ Tkre spect raÏ e¡nissivity Sì¡ ,

ou thi: ottrer iland, i-s d*flfned ¿s th.CI r¿lt:i"i: ci:I 'i:Ìi.e Ðnerg:r TJer

sÉltlii,re centineter rar.:Li.¿,r,ecl ;.r;'r i-,he fi"Ia;nr:rlt t,r: thtr-L radie,L,ed

by i;r blncl< borly åt the saire t'lnperai:ure at agiven r.raveletrgth tr 
"

fìi.nce the eolÕur t,en'çerature of tungsl,en is appro:rÍ-rnotei,v

lçì )
equa1- t,r i"ts ¿gi,i;-,..i tempcratute"' E¡ rriI1 be nLore or less

cr.¡nstairb tlrrougÌ:ouì, th* spectral reJîi.övt v".ii;h r¡Ìri"cl¡ rv<,: eit'e

coneetned., Ërild '¡i.--Ì-I be approxirnerely Êq1i¿¡,I ùo .lij.

27ø

üonsequerrtly, i,,ttor.;i-n¡1 ìü, lre ¡'r'tià;r' r-rsc'; ihe Planck

equa"t,.i.on to estímåtel the åmoru¡t of energy radí¡;r,t*d- by one

squå.re een't;:imeter of fi.lairren,t su:r:fase beÈr¡¡een t'Ï¡,-: tr'¿rns¡rÉ.ssíon

limits c¡f the fÍltcr eç:rnbir¡ation. For a. black horl;t¡¡

VÀ * J^a'\ = e, d' )'

r þT+-,¡



¿ðJ.

dreeo Tl¡ ;u ïrara'bs racliated p* Ëquars cälç

f:t a specÈre-]- be^nd. of r"¡j.ctrth clf prt r¡eve}er¡gt3r À .
g s t'be tçmpe:r*'bui:e of the biacr bocly s;l o.j¡oolut+ degree$"

t¿ s L.43Ê x 10ü argst::on çl-sgr-,es$, (10)

Then. åf Tr. åg thç nurabei: of rin*tt,s r.q¡clic¿teú pðt: gq1p1,o centj¡"

ne't,or i-n the oa;ne specti,¿å hand, 'b;¡ iire fiJ.eme,ntu ue n¿;Ðr lnj.-be;

ül ¡r 3.69? x Lo€0 BrrÈt,s r*gstroms4 oran*ä

l(ou íf tlre *pectroüjçÐi]o rili".bå qf lridür Ì-ue ín
pk"cocl aìi a ci"st¿*$ce :tì from 'iilre c*thode, snd. -Lh+ fi*Le.inenÈ eti

a dån'banee Rr >R 'ùhon 'hhe affectfvo ¡:raJected. fåla¡ien"þ length

is given b;r:

T¡* s,JiÀ E *t{o,
À'(t# -')

care nugÈ i:e t¡fcoit ån choonåwg na.r a;rcl R so bha"h the e¡i;hod.e

li.es aompletery r'¿ithi"n Èhe ìfiÊbss. of tire il"lu¡nln*tlon fron Èhe

filamerr-l:, o

JnmÀ--

sdd_*(3)

l*Ro

l'ie are eÐnoertrçcl thon tråtfr a eeetícn of blre fÉ^Larne¡r,¡,

of length J.g ancl clåsrno'ber $, The ÈoÈ¿J. e&çrglr r,sclj.a{:ed frçn
{:his ffeçtåon r¡niÈhi¡. üro transmíssåon li.mi;Ls cf tÏ;e få[ter uii.]_L

he givon by;

Al =wÀ l If ¿-



'llo fånci blu* energ:¡ flrix pr::r uni.t sû1" -d- an¡¡le r¡orrua3_

to .i.trre fj.l-arnent åKi.{i lru n¡ake 'Lr.¿o asstrru¡:tÍonsl 1) t}re dist,rå-

i:ul,j.r.rn of ener'¡i" ir; :.'+:di."J.j.-V s"!,:itunetrj-c¿l- ,,¡'.ut t,ire filanrent;

2) the d.í,strj.l¡rit:i.rn j.n a. ver.tj-eal ;:lane tllr*i;.g:h t,ire fllarnent

obe;i.s l"aurt¡erl:tç c.¡s¡i.f¡e lu,r".,. lllhcn 1,h¡¿ eït€i.g:J flu,-c thrcu¡;h the

surf;aee of I r¡el.'Lical sçå,'*mr.:nt d é (ïi¿gure 1ó) 1.C1"1 be rilven by

N d,, / . If r.,'e let f l;e 'ch*r f-Lux per r:nit so1iC- an,gJ-e rronsel
2ir

to t,he fÍ.3.aitnent, 'll:r*n i;Iri* :il.u:c at, e,n angl-e O ta .l:he yror"nial' r+lll
ì:e ¡1íven byÍcos á, Tn ¡-artåeul;¿r 1;ì¡r,: enuï,i*¡ passi.ng tlrrough

[he e;leluunt oil surfaee dii 
= ¡:ã eos8dúdd rn¡i]l 1:e given byl

*g

f/
Thenr I r

,L
I

r'

ê=-î

å9u

Te"*eú4

6¿¿*'l¿ { =

: T e**u&aüpef

ùr@íg d.P ef = il

-77
4rr I u,*t& & a' &

-7f

ilu'br

d-é
Å¿u

A/= \al"",À

--*&'<r ll

4 -ltt -{i^ d}v
+

f = h/, -¿.&f

4.il

(5)
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If the filtr:r pêr,sseË cllj oÍ] the unergJ,'ir the f,rans:r¡lssår:ri b*rnd¡

ihen lhu tot¿1l {rner:'g)/' per unib solid angïe rlrr,Ì-virrg .t the

catliocle, t¡j-l-l be:

*f' - Y'L - nL =

The solÍd ûn¡île srrbternded at th* fj.l"erurcn.b sect,l.on b:¡ the cal,lrorje

is ¡4fven bys s7(tTt)2 u?rere s is'r:he prr-rjeeteclca{:,ho<le area rioxmal

to i:he llne joiretn¡¡ i.Tre fÍlament and cathod-e. Tl.le tote,L zunount,

of energy reaehin¡i "L.h<'; c¡:r.l,liçrcie, .L,hen, ls gi"ven byl

/aa
-n- E e, d' À .4, a-,-laa ).(*þ_r) -;;

)'J t

E

ï3sing Èhe wdts fn¡jåea'hed U '.,¿ff be Ín i.ratts. The

energy Í.n ergs pírr serond r,¡j.ll be gíven i:¡. E x 107" llow

eo.eh p?rotcn of wavele;n,9;ilrÅ h¿¡s Èln ener$y í*s ¿:iven byl

{ *¡'I.JL

î Ãî:

(," )

ll- = -4 v = 4"r'*-ç
) ^ 'o-o

I^If¡eps IiO 
= FhoLün Ë.rnerpj,f in orgs

c = veloû:i.ty of li¡:,ht æ 2,g?8 x lO10 ein./q¡eo,

) ; irelrelf,)figth ín angstromso

hgPlarickfsconstant

e 6*660i} * lo'27 erg-r3e*r

-*-(s)



The nu¡nJi,;r' o.f pì':o'bÐlls Fer seecncl fal"l.í:::.g, on the

eathocle wiL3 ì¡¡¡ gÍven Èllen l:y't

N= Et,f= =/ó's .yL
Ep (R')' 1ôo

r.e. y'il = S* 4 /

.¡cÞe rj-nen'bði- i, r-r su-lt s

a) Volt.ag* <1rnp aer.oss filam,eni; -l.e;+,d.s,

Vr 
= 

0.7510.CIJ. ç'oLl,s

FÍlar¡r*nL crirre.*..t,,

I s 2ö0¿2 r¡í1.-LåårllpÇres

Fi.l¿xnent, l*ng;tþ,

1. r :i."7?5¿0.C05 em"

Itílaqrent le*dsu

To'bal l"cngth lf e 5.tüte.0j e¡n.

' ü.{.¿¡ilei.er cll s (:$"0 -t a"I)x.lü-3 çnro

27( (R'),

E ct ol\
FGÐ,

3-lu

. ^(,¿ . Àxu-îã 7T-

{1) Fr',;m equatåon (})r
ïJ e 0.?5 -

(z*)z x 1o*ó

- ü'?r '!'oltg.

{¿) l¿.i3_
l-

a 0.2h1- volt urçer-es1/3çn',. -1



bj. :irrt,*:r'{:*1,rti*r'l o¡: t,llr: tab}es:

ii;t * -L - i-6"? :,;a.tts/em.A
1d

c : 1i 
= g¡f&. x zOc-.ç JOj 

= 
/+"ej x I0-3 crn..!t¡1 16,7 ;c I.795

ï(easured value çf cl,r (b,O+0"5).x l0-3 cuio

b) $Ll.t i.iLdth l* 
= û,?0g *.ü05 ¡¡ni.

I¿ sÅJOtJ *1i,..

llf - ¡¿ = 5'l* Ü.3 s:e'

ï'Ì8 
= /u35,T cvto

Fro::r equ.:r,Èfon (/¡)s

lf * H.&.? ;e 0,O'¡0g e ?.J1. ;r ï0-Ê e1no
&30

e) From int,erpol*tÍ-oir on .l,he f,¿krl*:s .f e l4g0olç.

d) T'he abeorption eurves .for ttre fl.rf;ers, riup¡:råecî by the
rt:s¡lecti.ve r-nnuf¿rttur6)r3, are ¡qlveir irr Få¡:.iuret 1?. The

c*urbi-necl fÍl"ters l?a.¡e a. tr¡r:ls¡i.ssÍon l:¡wd ¡',r..b /+óåo ,f{, ,¡;ii:h an

åYe¡îaj3e r,ïd-th of" I5t A ¿lnci p:),\t; j;r.rr:,s¡tr:i.ssÍon.

1ìôJ <,A

n3$'$

I æ l+{:20

d e L5t)
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Ê) The prcJeeteci, *a'bhode areau

s x ÍJr54, ff 0,95 s ?.1,2 c#

f) ris3.r:g theee v¿Jues ån cqu,ation (g) yåel"ctne

1\i *
J

e -¡r {¿å5,'l}'-

;¡ (t5o x ro*3)

l- i -áta-:Ë Jd I
t¡þaçi}e l^ffiÕffit "lL"ï

s 1.Þ x 1.03 photonn/secçarfo

;s 1r0Ê s 1o-5 plm'bons/æd.nuteo

3)c

Corurbp ä.bül'o ba.eiçrounß rçeord-ccl sj: L00 volt,s/stnge

l'û Xfi .V " ciisfidJûåä;¿tåon levelE

?4,5 eos¡r-_f #r¡Ériirte .

t6.66 t. ttr2\(e.99* x lolt)

Ti:e effiçiency of the de'becíåig sys,tenr

p ¡s lIåã-äJd s:5 ?"3 a lo-3
I.0ä ;r 1Ê5

th¿l'b åø -i:o *ay, at b,ho girren irav+LongÈh and, å-utousåty of
iålr:JsgÐåtåon ì;here io, on -b,kio avorage, ç$e obsenrå,þLe ¡rulne

for nirprox$..uate1y slr€lrr ffi pirotons *r:råvft6g *.b the eathoclç"



Ëç;'gÊs"Ëi"r4!.

'Ïlte,*ec'u-r'n,c:F')f t,l:it, fcre#oÍrisi caleul"¿iLt:l.ons *er:ends

]-argel.y'cri {:hc ap;::"1.icabi"L.it'¡. ¡¡ t,}:e tairl,es to i:}¡e fåI.a.men.l, r¡.sedo

1'Ïre tE¡b.1e.s ri',r*t,el coinpÍ,J-r":d, fcx: r?ÍcleeJ-rr tur.l..st,e¡r í]i.1*urcntsg that

ås, fålaai*nts i.n a gooeÌ r,/,leu.ur(r¡ of '',';cl"l,-a;ed tur;¡;sten, anrl wíth

nn h*at loss d,ti,J ta Lh* 1"e.,ìd-s. T'Ìie ]u'ç iü1,l¡u-fa.etuners (üeneral

illeetri.c tc,) supp-'l-åerl. the .infcr¡n,rt:ion '¿haf th¡e flclå.rilent r.¡¿-in of

pure t'un¡;stc¡i in & v¿srltlrûe i¿rr':i thç aui;r,ors(Langnnetr: enii Jonea)

sì:s,t$ tj:at, the ïror-r4$,r vëicuurn founcl in eo¡c¡nercial. J.airçs f.s

suff:Ls:i.eyit tc he.v* ¿r neg1j..::il-.ïi: effes'b or: i,ire heat lost by t,he

fílamen'b. Thc larg*st: etror tÌ.1r,*n¡ nill Lie i:: the heat con-

tiluci:e'-t a'ç'ia;y" frc¡:u i,Ìrc fila¡rier3 t:y t,Tre leacls, r.esu.ì"ting in a"

lolv.':r' f3.l¿:tnent t*:rrperatnv'e th¿m that çst,Ím*,t,*el, ¿ir¡r:i ,:r:nsequeritly

a. re*t¿*tÍon in thù &nÌount. of energ¡¡ r'a.dierted. Th:!-s s;ffeet r,¡ras

kept Èo e nrl"r*j-nun T¡], u¡:inír onl;;' a s;ral,l centre sec'bJ"oxr t>:î i.Ïre

fl-larntmi:. 'Ihe tc;uri-rcradu.re tre¡:e i¡il1, be a ¡n¿rxå¡un ancl eouJ-d

reasr:uabJ-;r bi: e;';lrected. lio t;e o'ìose tot,h¿t l;rii.veyJ fn tile tableso

34n

T'her.ei is, horierrer, ¿à corineel"åon to be ¡rrade fc¡r,.

abs;o::¡rù;i,:n ¿,¡:¡rì rr;íleei;ion tr.y' i,he bri-r-l¡" Tlhe absa¡.f.1,íon ån a

clear $lass Ì¡u]"b¡ ;lccordÍ-i:¡1 t ei -ïan¡¡rLui-r. ll.ru,i *Törrel*, i-s a.botr*

I"f5, i:.ncl to{,u,I" ref,le¡cti.r;n, corrsírl*rÌ-n¡; 'c¡oth surfacesi, about *.3Ë.

üefåected an''i r"efrac.berl, li¡:hù enteri.n,, flte s-i.i.t, ÍnElårec,b,lÏ fr"6¡îr

'Lìre irui.b il,s*1..i'1,'as !<*pt at ¿:. nrtnimu'in b;y broekÍn¡; off th:1 sl.ft
),ai:eral"J-i" r'n"t?r t¡].¿rek !.:rpe 'Lo *, r"¡f dtÌr of al:ou{: t*¡,c mflli¡rct,ers.



Ileflectl.an u".r¡ci ahsorpt$.on a'l; -bh* r¡Ê¡rdol:; of t'iro pho'bomriltiirlíer

coni:ai.n.¡¡: im j¿no;,crl" an titis is csuaicjei'erL n:i åu'i;a;n:,J pl,gt

of tirc ryËten"

Thn enelg$¡ r¿rdåa'bed"* thær, shaë:"C. be e'+cgieecl fug

eJæuri #B S¡:cree.,*åa6 "bit+ e:tfå*år,::tcy sj.tìig[.]+i.n fhin¡ of eeirtrlr,e¡

:j-u &b þosÈ ¿ gooä r*pprer*$Hì"t!åonn .r1 sT.3g3r-b +cni;e,r¡ånaÈåon of

tlre 'h*Agpi+n 'r¡^!-oir.e aCIrrXci iubrsdrree consåderabl.ç ej:3¡oro A, Rg:rç

a*cura'te c'l"ete:maÌ¡lsrtåosr +or¿Iiì Ìur.vo Iæen n+elo b¡r t¿wirg ,¿bç lanl¡

emil fååterm ee3åblr*rtet1 by tl:e NutåorieJ" lir¡r"eeu. of Íii,enr1s.::ds

i:ef*re pe:rf*:m'J.ng Èh* errperån*,lrL,

ji5¡

$PllttRrl], F¿-di:Ptlil$ii ûåï TÍiE fífSTiS,i

ln Õïds:r tftat thg åLlt*¡¡ri¡æ,'båon rii:rir;1.i-ec1 iney ir+ pu'op+r'þ

e,nnåyuc*u the speeürirl ::*npomip of. Èlro sys'beia r¡irmt i¡ç åete:nnJ,nec1"

lhí.*; i,fe$ drrne Îff $Et-b:it€ up 'bhr": Lr*up rnenb:i¡eno$. i.n ,l,iis p::evicn.t*

€:tå?Ër'i$Ìetlù i[ $¡: eç¡:rlropr'åc+l+ dåst¿mse f'rom ùire ånpr,l'b $].$.*¿ cf' 'bir*

¡¡¡snoûI$:o¡naÈar zurd. noelsi'råfry -¡l¡ü r+eu:"tsÐt"L arLåví'Ì;y e'b ;*. nr¡t¿i¡e::

o:f i'nrtelengt3r se.htfugr. Tir+ unrlt$.p};itlr' ïrilri o¡t*r'*,ì;od .lt ì.tü val.,çs

por *[iago' r¡å"olr *r. *nc, miitååuo1':; s:åscrfuùifHttåOn, ],4rrel,,

¡"#U*r:i.4e ÊbqJ,' ¡ I esr,iül s

\r.*J Ti:c *¡:ectw:l reøp*nCIç -brrbTi+ l-ågh'b $olåraÐ umec-l år3 shçifiâ i.rì

Ffo1ut'e l.${/,fi.
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h) YtJ-tage llc'Lr,,¡eretr rf-i-l-arii,,:*'1, J.sar-l-s;

f :i i. i.lr:n'L e,;ir.':'en'i:

tÏsin*; er¿un'Ll"crn {1") t;-i' ttiur

(,lt )a

= lul¡,Ë v"

Then ñ s -g*' ilr-- e (ArlStúÆJLåpj ^ ; l?.Ot* i',a.ùl,s/ernåñfd- ffi-- .trffiTffiÇffiro-3

,"6
IJ

r

l[he.tr i:¡' interl]Ð1é,iti** on ta'ble 3¡

T e 1S?0o Içn

pr*'vir,r:Ls see'l:.:!"o¡:i

t

s J,u59*0,01 V.

=(3c)oro)x 1o-3 ¿.

Jt) s

The spectral" cl.i-pl,r:!.but:i.r¡r: ori r¿rdl,atl-on lþor¡r * lrl^;:eiç borty at thís

teirrperatui:e ftg,.1,¡ be obtained. fron the FLanck equai;íont

where i,l^ 6 l,rattslcrn2/unit sol:Lcl angLer/angsùrom,

À ; r.r&,velength in angstro:ns,

dÀ = 
wavelength irit,errval ån angstroilis.

f ¡ absolute teni'.rerature *ii 'l;ïrc [:orl-i'.

c1 = 1"1?? x tc¡äo i.:atts angsiromslt eor.-2 ster.adian-l

e2 e Lut+3e x 10S anrstrora tlegreesn
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¡i1,".,J 
^ ,.,,.,:.r.Ð i.'i.üiJg fhe aii:.ount, o.f u:e,":¿;r i.ill,ït* irri:ertt*I /rt

¿'L l'¡a-re1ei:¡.i'l,h l.r:år*!.rted i-n ¡r nn:'i"'t, si¡1ÍtÏ a,ing).e frolir, r-:rìç.: $-TuÐ.re

tm. ofl -ÐJ-åck 
'l;o,-lJ ¿¿l i;elcper"atu-re Tl" TJe lrra;ir i';l¡¿r]. 'il;l:r; nu$tÌJeT" of

;. ltot,.Jne re¡lj-lÈsdr ltl 11j.r¡ì:1ì.3'" 1r;. 1,he 1:ll$i:.cn er:i,l$:.{)/' ¡rt, 't }:ís

wav¿r3.*ngthg

ll-o€c Mp=

f.ii:si:$ E, i.n cfglSl g

¿ À:J t:r¿-P

,) f,

-;tá

i;

'I'he graphlrof 3í.i¡;ure 19 uas oi:taÍneit by eunput:i:ipl i.{O trr one

An¡¡;s'brnm J"rìi,e:'va3.s (e.1À e 1") ¿,rc a,:rgstrors a.3,.arte h*tv¡een

å.fC0 ¿,flcl 6À,,J0 ¡rr¡*s'{:roie,Bo

to\+-le("#-,)
C, Al\

¿"-
\x ro-1

Noi* if t?ro or"d.irra.t+s uf Få.¡prre 18(*) are Cj-vf.d-ecÌ

'b,,¡ tlx+ c{Jrt"e$Jlor:i-i.¡lt¡t orcli.n,.:i',i:r rf Fj-i,rur"e 19e t}:,cn the resul.t

t¡ii1 be l:!¡e ::rrl..¡rt::?-rrc: sËe*t,re.J. i.es,rr-onse o_f 'bhe r;i,sten, ln

ay'bftr:o:':,¡ unifs, t-,n ¿; $oi¡.1.c¡* lr.ii.-rri"niî a rmífol,¡r: p,hoton derrsity

tlæoughou'L tTr* s;;ec'l-ral rålifle eoyrgiderecl. Th:ì-s proe€$s r¡.Jâ,s

c¿lrr-i+ri, o:,,i;, lnii the res¡uJ.tant eut"ve pl-ot,tecl iil Fi,gure f$(n).

{ ) rn Angst,ror:ts)

- (e)



jln. ¿lì:. lopriilt,.,: Ì:,,rïî:i-p.l"iCai.j..':l fi:c-l+y' 1,,.å,s ul*eil i,i*'ougl:.oUt eo

=rll¡'t, tl:e r;l¡rxi"r¡'rnlr i rjsl:ìütì*€ cou.l;i be plo1,ted .fr:r. cor}.¡en:ì-Èylee

.*fr lûil,

:ìnr:s'Lrn;:r iliis i:uì:-]-i_,girecl sT:e*tral" .r.r)Éi;Çrr$e *ru"v+n fo¡:

'ï1,-: glLlt r,,i:ícii lrriue :.1 r,:u(i:r,.irn ¡lt a-]¡ou'b 3?CC ¿r(S) The

r.'upÍri. $eel.Ínç cf rcsponçç: beLo¡r; /.i70t /r in Fågu.t'e 1*)¿) l"s

pr"rrbE.bly r:Lrr.*:, ììheï: , ììtr ahsr¡irl:t,rì"on in 'ì:iN: ¡nono*hro¡::.eter ¿rr.rd '1,þtç

',¡lì ii:ìq>-,., o'r. l;lli: cr.:n L¿Li.:,:er"

-.).: e
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The apparåtus uas used t,s exa¡rifne the fltror€scenec,

under ultra-uioleÈ vadiation, of å, nurr'oe¡' of estrogens ín

eoncentrnted sul-phurf"e aeÍd, as r¡ell as tl'r¡lt of urine an,J.

blood. sarrples. Ttre excíting; radiati-on fro::r a 5000 voLt

water-eooled hyrJrogen l,ube l¡,¡as på,sserl tlrrough a Perkln-

Ðilnrer ul"tra-vic¡let monochrora,ator beforq¡ being foeussed on the

sol-utíon. Thls means of lrradiatíon l¡as chose¡r for two yea$onsi

L) sestterÍng of tire visibte portíon of th* ir;irdrogen spectrum

Ínto the deteetln¡g unå't , and cor¡sequent maskfng of t,he

fl"uoreseeneee 'r¡,r&s preventedt ?,) the ioeatÍ,:n of the fluor-

eseent bands is depenrlent one årnoní¿ othor factor"s, the r,,,&ve*

length of the uceít,ation, so tihat ia stud3d.ng the fJ-uoreseenee,

tltis v¡avelength is of s¡o¡ne ånt,erest tc thç efienist.

39"

The Perktn-&ìlrner monoet:romator trras a sonstant-

clev-lation type enployi.iig a ;fixed sÍ:rb.y elegree ùiuårtu prism,

the spectruu beinlç swept €¡crosË the outpu-t s.lít þ ranans of a

rotatin¡; front-surfaeed rrúr.'roro The revolving rtrum driv:i.i.t6g

thLs .¡rúrror, bef.ng; graduoted Ín arbitrary unÍts, reqlrired

cal-fbratfon. Ttús r,aas rLone by placing a TnÈrcÌrry arc l"n front,

of i;he Ínput s3ått and a 1P28 photornuJtS.plÍ.er ¡^¡ith a gaLvano-

¡neter ln i,he anode cfi"cuit at the oubput, sl"it. The dn¡rr wae

ùhen rotated sloluly.o t,he p3.e$ei"lce of a mereury lÍne beS-ng

lndåe¿ùed by a sudd.en dofleet,íc¡n o:f t,he .qalva,trometor. Two

of tire llnes sn det,eeted were then positívely identf-fled by

reflecting "i',he J-i.gh{: fro¡n the out¡:ut s"l.ft of the Ferkín-}flmer



fiLonochroui¿ì-tor int,o the Seusch and T-ornb lnsttu*un1.;r and aiiù.just-

ing the caÏlbrated wavelength drum of the latter tlll a lnaxfmurn

activf.t¡r r,ms produced. ån l,he cou¡'l,ing systennn 1lhe lines

irlentifiecl Ín l:his mÐtTÌer were at 546L ¿i ¡¿nd 5?91 A. $tarbing

from't,hese poåui:s tire ealÍbratíori cì.l:"ve of Figure 2Ü rvas drawn

usinq the table of l"iereury lines given lir the irllandbcok of

phyÉi.es end. theirrist,ryrt (ühenri.eal irubber 1)u-b1íshinfl tompany,

19À7).

The f;1,¡o rnonc¡ehrorRatars trer€ tltÐt? connected by a

lfgh{:,-tÍ.g}*, }:rass box wÍ{:h a tes'|,-t,ube hr;lderil]ireaded ínto

t'kre botton'r directl.lr below tlie Íngrut sti^t of the vísi,ble

ånstrurnent,. JL s¡;r411 test i,u.be in tt¡e hold'er uas f:illed to the

t,op with the soLui:ion to ue examined anr,l åts heå¿iti; adjusted

so t'hr',t the surface t:f thÈ soluiior¿ r,vuts l"evel r,;ith the bot'tom

of the Ïrox, The bean elr€r'ë1.i ng fron l.,he output slit ojl the

u.ltra-rrtolet monocl¡rorn,¿Ltor was r"i'ifleeted by a. front surfaeed

m:irror so that i.t trave]-led clor¡¡nwarri at a 45o an¿¡;le onto the

surfaee of 'bhe sloLutåone Ín a. direction perpendicular to the

ilrcis of l:he Bauscki and Lomb eolllm¿rtor. This produced a

ff.uoreseent spo'b f,n t,ht* solui"ion ¿tbout, fåve nÉIlfrneters ín

diameter. Some of the fluorescence froru thÍs spot was

eollected by a clourble çoncave mirror placed díree'bl¡¡ over i;he

solu'L'ion, anel refl"eeterl horizorrtally into the so]lfmator sl{'b

thror:gh & eonver{ lens o ll'he miryor and }eris comblnat'i.on '¡tas

srref¡ thåt tl:e spot 1r'ta.ge foprned at the slit, sonsÌ.sted of a

ti':Ín vertical li.nc¿ abnrt thvee quarters t,he s.LÍ'i. length"

40o
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tlie photomu3-tÌ-p3"ier wÐs oper.ated a'b L0û vc}ts g:er.

sfierg* 'cC'Lh a one nríllir¡¡:lt, díscrÍrnination lcvel, ytelding a

baeìtgrouricl of airor.lt; le$ pr-r1ses TJer uli.nui,e. 'lhe Tr,í¡lveLength of

fhe pxt::lt'5.n¿¡ :"adÍ,a,ti"on r';as var5-ed in eaeh sase untnj- a maxl"nùfin

aet-i"vity r'Jas r:btai.ned euid tÏ:.e slits of t i.¡e; lJaussh a¡rd r,omb

:i.ng'brunioni; ol"o¡;ed ctor.n as much as possitrS-e ,i;ci 6þr¿sig ¡ut$li-trn¡fir

resolutfon" 'i-lor,;evei:, sonie o-f t1':.: flugre5gerlee r¡ag ex¿rei,t€l¡¡

r'.tcrrk, r'equirS-ng tl"le sïi1;s t* ìre op*necl t,o 0n5 rníj.Li"nlct,ers in
ord.er to oirü¡lin å,n;y' ül;:j.:r'eeíab-Le e,ctivå.Ly. ï'he fluoreseent,

spuetra oÌ:t,al.red i-n tlrts lïiltner ¿re Íllustrated in ïri.gureo

21. to 26" These ü]uJ'v€,$ r¡.fÉl'Ð cor.'].'r:eted forbhe ï.eËponse o:f i:he

931.4 .Uy divtiti.r:,¡1 t,he orclÌ.nates by n/100 r.¡here n j.s the É

re$pons* e¡¡' the mrr}'Låplier at the r,uve}engùii cons-Lderedo as

,Eiven in Fùgure lfÌ(Il).

ÀL"

l-) 7-ùletho;eylrfsdeh;"drodoås¡.noÏ1c ¿eici

Sxcit,eti. by an ultra-vi.olet i¡anrl at 1600 angstrexise

52."51'(ua*rogra^ns) of 'iltris ccunpounci rjissolved in Z ml"

eoi:.sent,J-ated suJ"p,huråe ¡¿ci-sl d.ispla'\real a s'l;rcn¡.i peeik a.t /+Òa0 l\

r¡+å,th ¿ r,¡eaker ane at 528û fr"

å) .ätliinyL Hs'bs.ac$oL

3?lfn 2 ini*. concc;lll,3"ated sulpiruric acÍ-c1, excj"ted

bi' ¿ T:¿rncl E¿t 360û À, fJ-uoresueel ure*kly rråt,h peaks aù /r2üü,

5ûüû an¿t 57$0 anqst,t'ûnts o
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3 ) lìsi,r.ane

99,1 li¿s ciåssolr¡ecl- ín 2 inl' concentra'bed sutpiluríe

aeÍùl ;ùncl excíted. by an ultra-violet bans aL 365O ¡1. . 'The

resr.rltítig fluoreseence consi.stod of e stron¡,; sir-uglu peak at

¿98&û À"

À ) ili-er¡erostrol.

37.5{in 2 ¡nI. esneentra,ted. sulphuric acid flu-oresced

very weakly r,iiren exeíted by the 365Q ldan*,u r:Lis3Lla¡rlng. peaks

of åntecr$íty at 4.50û, 14.92üt 5150 and 6000 angstroíirs.

5) i't¿le Tiråne SampJ.e

I"'hen exeÍted

,+2.

i:hl,s

430n

sanryle fluorosced

Â

6) i3Ïood iiorurn

Th<+ fluorescence of this sa.rrpl.e was e:etremel¡¡

ï¡e,sk l^¡åi;rr a dou'cle peake barely resolvecl by {;he Ínstrurrent,u

Lral¡i-ni{ m¡"xånÌa ,¿t Àr!}û0 ¿:,ncl 5}00 u,ngstroms. lleimerrih;rl, 6re*ter

activåty ån indleat*d- Ìreyund 6û00 angstroms, ouLnS.do ihe range

oï ihr: i"nstrulrxlriù.

by än ultre-rniolet ì:and at 3É'C0 ¡.ïp

very stron¡;l.¡ r,;itli a sÍ.ngle peak at

The spectt'a o?:tej-ne$ fro¡n -i,he estrÐg,en.s dopend on

ti:*ir "r.'eactlexs wi-tii the *.cirJ. ancl are inúie¿r1,i.ve of t,he çon-

fi"p;riratlon ofl t,he eouplex u-roleculos so forned. Åny ponsf'trle



å.nåIyse$ sf bhe ¡nolecular st,nrsturo from tlrese su:rves hOtr'eve1.¡

belng oubsåde the scope oil t,Ïiis :çaper å)s l!eÏ} as hey+ncì- 'r:he

ab:i.l-å.|;r of tli¿ e1çperåire$tor", ås left to Ì;l:e cileuli'st¡ Tt

si:oul-d be mecl'{,ioned. tha't durån,g the peråoci. o:íl t}:e reåeiii'lne

w1ti-ci: was i,n söaìe ca,se* as long {às Íouï' hours (aÍ; rooro

teppera'Ì;u.re), tþe sy:ectral distríhution antl ini:*nsÍt;y of ihe

fluorescente vatrÍerl eonsLderabl;¡.'Ihe spectra ill-ustrat'*ct

l+ere ob'La|.nc¡d after sta.bålity Ìrad- ¡lresrrinabl-;ir been reathecl..

I'her T¡].ood ¿dnd nrÍne sFeetre ave of lit"t1e Ínterest unless ihe

llqLrÍ.ds are first :flracti$ns.tcd, nncl sh$;¡ onlL¡ th¡;f the

fluorescençe Í.s s-bror:¡i enoìågh to t¡e +àrle,lyäûtt by l'he lnstrum.ent.

Lv3 
"
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?hç sonß'bnr.ctåorr of a Lfuht ineetzusÍ4 tllêvLce çf

high s:,ensi.tivity b*ls Jrsen c1e*crilx¡d., üie cirarao{;evi"piåeç

*$sessed, ¡rir4 åte perfo*nerncc ilh¿*tre.tecl by ibrl, egpliea'biolr

'l,o tlro $na3¡r6ig of sever¿r-t olg:emrie fluoreoceno ,';pec'bra.

Tfhi].e siqd.]-a:: :rerniltis ir-a¡re been o?¡iiaåned þ pho'be-

gl'aphåc rnethocls, tbeoe J-aci; speed and, cochren:ience. Si¿rå}er

orlganåc npee'þr¿r iaeåffrretl ån thi.p }eìmret,or7 :.',j-'bh a i-iiJ€er

I',[eüíri¡r Ç.u¡¿r'tig ËIreû{irogreph requå-red û}tpo#]$:'e Èil¡os of from

l0 to 30 ¡n-1ru¿-bcr uÍì:h ¡.r. #,åì: r'''låcith of I.4.Û n:Ìå1å¡neli¡e*,(U)

I'he pla{ies so obbainocl -i:hen, of, corrrne, hael 'bo l¡e proeeo*ed

and 'bhe sllecta.uro *rneJryaod. ,¡¡ith e de:rgååorÊe'lier,

4{."

The rnoså seråfirs liJßåteÈåon of the ånstl'u-qen"¿ å* åts

nåJrrerr *pe*tniL r&l4å*ç, i'd,rÈeir, fçr nccirs*b+ moss$jreüientel,

ir.r only Í'rsril {,CICü "bo 6000 ang*'bruno. l'f}¡ål.e it fe knorm 1¡h¿rt

the corn¡:ounds und.e" consid-ei:c'.'oioa dfspl,*,1i' I'ittle a,+tívå"i;y ín

'iþç ultr'¿r.*våole{ rogåon, i'¿ i:s st::or:g}y euepæc'teil thui: 'b}re

,rp*:s!rq¿ riay e:ibenci lnto 'bhe ån:íls**vec?-r ,0onsocirrctrtLy

ettenpi;s r"ro 'heåry Lecle 'ba obte::i¡r $:otonn:åtflplåere uho$e

ei:ec-bru-L 3'ë#po3Ìriürä e:'q co::tpatåþ[s ç¡åth 'b}¡e*e c'etiuål:çmen'i:gr

Ðuo 'to 'bhe '¡¡esìlxriçsu of *ile ricÈÈvi'b*e,s ineesi:recl, Èhe

1lpp*r: fi¡:råt of 4Ðs0ûü esuntp per raÍ,;:ute ånpooeú on the gtri¡tea

þ- the lolr Beå.1-iJ&ll factor ç1i.c1 noi: ån'l'-,erfere iritir the

mseisæ:i:o¡nents. Frtr'rêv$r'e 'Lhe seå¿e:: i* now hef"ng rcpJ.acer.l i:y



a ratomet*r', sj*tply for m*re eomren-ien'e operatåon, el¡r* ,sono

ttioug;ht ås heåi:g giveie Èo 'bire inclu*¡i*n i.¡r 'dre': $ürsÌiün çf sn

¿nitoina;bic pen reÇcrciet'.

I'b iïftS' i?fi. soncluclocl thab tire con¡nercåaå {:ypes of

photomui-blpllcr rr-Í;ecir ubolr coolerl to J"iciuj.ci o:Ðrßen -i;eurpcrettl.re,

e,re swi'bs,iúe foÍ' epp3"$.c*tàon to 'hhe rnea6ru'e¡nen{, of, }o',r fj€hÈ

**Level*, bu'b o*-1y å:fl caroflrlSy selectoclr :ihiu pi:'oceråe of

rrstreeblon wålJ, lnield. ¿i-i: tiie nro*t, o:rå;¡ ons or: trto goofi. tuben

ou-þ of ton¡

1EÁFJ å
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r:ri.Jilt,rlE

F".ð'. T"iaec'lo*.¿rÏcl anil, i:o ;:i" l',,ar"glo1-es+, iie:-'t:i.liì:;r *n': Sterilityt

!, le 2ó (l-g5r)

I¡'oy rJ.åseus$i-']ïrii oil pi:r:to;rr.u.li:i-ilÌ.Í. et' -ìci,!-;:r.; se',.:

?¡Fhat,oelecÌ:::-ïci'r,;r .l.nrr* -i-L;i Â.pp.ï.Í-r:.at',3ons?î .7*-cr¡trd.n end Sambergt

(Jo:rn 'ul-Ìli:y i; Sicr¡;, 19l¡.?) ¿it,:-Ì.:

tl \)t-. r^.," ':'..i 1*,..: '1 ") "!')¡7 /sA' q \
'¡e .,-,.:-.., rrsvÞ ,.:ùr.o iI'5'i," !Éø -l,ai \,¿yÅlfJ

Ii., '1,'.;* iiìn¡1s;troú, nI. ilptu $o{:n ,iluÌrs.q t, 6, Å.2r+ (-hme, 19/+?)

lb:i.r-1, lr3C

1.Ì" l'" lì;i¡1sLyo:;r, ller-v" lìeì,. .lristn 1*u 5$?e i1?,À.?)

l¡or o", deserS.i;'r;.{.rJ:. of thcse piunJls rÌeeB

rsThe lj*1.r¿:"i'bi:fie 1,1'auncl-¿rtirn of V;cu.u:t Tecl'::ilç"rere li, lilughnran

(,Toh:r lii.i<:; and $r:ns, i-91!9i

An E"ânö-T.*lpf-ei:re e.nc1 l], Char"J-es, 
"1 
. Dr: Flr;rs" e'i, llad"t

ä., p]9 {t*t, 114¿:.}

T" L::in,çr:rr.lå:: anrl ï{. l!" Jonesu {i" jiìo llevi*tt', Sl, ?o 3f0 (l-?29}

I-lollaila¡'o Jo ûpt"o $r*. lm* 1?-" 32? (fçeg)

These v¿rlu,es we::e o'ntai..nt+d frons
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"¡)

s)

e)

r0)

ç¡Tlre Ì,Ieasurelàen'b cf ll.aåi"airt ilne::6r8r T;i1n ,i. ìiors;rthe

{Me*raw-Hi1l., 19}7)

11) See J* lÌ" tin:iord., C:rn" Jouivra-L of Ì'fed" $ci-encesr Jg, 199

(195â) and Jn FI. Linford and {-}n B. Paulsonu tann *fournal. of

l,led. $ciences, 2g, 213 {f954),


