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PRS4lCE

Durlag rêoent years the use of, apeatroscoplc

sotiþods ef ana}yefa has beoone uo¡e and rore rf iìespreatl.

Sot gnly are these methodts userl 1n Þune research rvork,

but they are aleo raplilly 6alalng fnportanee ln the

hendlfag of ¡rroblene ef aaalyete tn lnðr¡Etryi th6y þave

been a¡rplloil la a great many fleldls, of Íblch metal-1Ergy,

cheÞlstry, orlüûlnolegy, meËll.clne antl blology are a fe¡y

IlluËtratlve exenples. IËe obaracterlEtleE of speetro-

Éeo¡¡lo methods rhloh rendle¡ tbeir use atlvantagcous ln
many problemE are 3

(f) tney are sa?lBg of, tlne antl labor.
(ff) tUey reqr¡lre only a mêll 6amlr1c of tþe matorlal

to be analysed .

(fff) taey a¡e ea!,ecl.al}y auitett for the ilete¡mlnatlon

of trao€ el,eucnto.

{tv) tne Xrren}aratioE of sem¡rles for investlgatfon ls
slmple, €ftee no treabont whateve¡ Þelng requfretl, thus

redlu@ing the eba¡oes of oontamlnatlon or loss.

{v) tbe maxt Erm error f.s usually absu$ 6 øt 1%.

I olalurs ef ht€ber aeouraoy have þoen madd.



(vt) ta so!Èe lnstanees, partlcularly where the

ooaoentratloB of tbc el€þent r¡nde¡ o¡amlBatloa 16 sall ,

sileotrogeolrlo tlete¡øtnatlone are nore reltaÞle than thos6

obtalnable by the nEthods of chemlstry.

ç,hlle t'he netbsds ln uee at tbe Þresênt tlB€

have been suecesef,ul, l.lttte Ls knorn of, th6 ¡rbenEeena

ooourriag ln eleotrioal dllacbargsê, tbe most ooßnoB aources

of sp€otrosooplo snalysls. ft ls therefore tlesf¡able to
lêartr ss!¡ethlng sf tbese, wf.th t'he alm of Xruttlng the

uethodg on a Eore flrnly estaÞllehed basLs. trurthoruore

stualle¡ of suoh phenonena may be exÞeotetl to l-ead to

lnoreaseil preof el.on, rellabll1ty anil sansltlvity.
Pa¡t å. of thls rork aleal.s rltþ th6 fnflueneo

of e¡traneonô coe!,osltfga on the ¡elatlve lnteneltles
of tbe llnes sf certaia elermeate fn a staailaral sampl6,

the eou¡oe ef exoltatloB þeiag a oondenseel a-c spark.

Tbis probten has boen attaokêå, both frm the ohan6ee.

in rel.atlve Inteaelty between the øpeetra of dtlfferent
atons, anrl fro¡r the ohanges with the oÞeet¡un of a glven

atcm.

Otþer naterlal lnoluileê ia thls theslE Þas tø

ilo ytth the ¡eflnern€nt anal slmpllf,lcatlon of alparatuE



ueeil Ln a¡rectroseo¡rl.o worh. .å. B6s dlreot eeadttag photo-

êlectrlc Efcrophotonete¡ has beea ileelgned anil coaatrr¡etetl

th:eougb thê coEÞln€il cffo¡tE ef !r. e. 0. Låagstrotb, lûr.

W. Il. Brora and tho rriter. ThlE tnstrreent is deacrlbeal

In Palt B.

Part C tleals wfth a¡ erperlr¡entat investlgatl@n

lnte the uEe of colllpated llght beane 1a epeotropbotometry,

a¡il ie baged on a theoretical elfeoussf.o¡ of h. e. 0.

Langstrotb. lble llveEtlgatloa ra¡ oarrledl out in
àollaboratton wlth l[¡. If. l. Erow¡r.

Ibe earLie¡ parts of the theels refer as otrietly
as ¡roeefble to orlglaal work. l[atêrlal not of lusedllate

lnportaaoe to the d'lsoussloa ln hand bas been 1nE6rt6tt in
the fsrt of aBpendlfoes .

FE¡ the beneflt of thè leqater s[.o may ûot be ..:
acqualnted rútb apectro€@opto ¡onreaolature, a llat of,

teflme anal thelr atgnlfloqnoe le lncludleô lE ÂÞpeadlt II.
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Pa¡t À.

Effeote of Yarlatlons

ln the

Ertraneous C@Þgsitlon of Sanplee

on tbe

Intensltles raôlaterl froû a

tondeRseil Â-C Spa¡k



Int!9êuqttot

lbe grlnolpleo undlerlylng all moile¡n lotboals

of qr¡a¡tltatlve analygle Þy s¡leotrosooplo aethoôg a¡c

qult6 genoral. &e s@ple r¡nder e:remfaatlen fa lut¡o-
ilnoBtl lntê a sultaÞle aourcs, eaÞable of torsttlE8t the

oonstltuent atoeE of tbe oauple, so tbat the speotra of
these atsns a¡e raallatedl. Yarlous fo¡as of aloa or

spartss a¡e tbe Boõt eoñnon Ìlgbt aourees uaeal fn a¡rob

rerk. tfght fron tÞe soureG 1E aLlonetl to enter tbe slft
of a tllsperslag inotrrnent, moet oomrr¡only one of the forrms

of ¡rr1@ or gratlng cpeotrographs, enpl.oylBg a llhotographle
meaas of, rGeordlng the speotrræ @tttoal by the sosree. .å

s¡rectral llae gf tho investigateil element ts olosea, andt

meaar¡r@ents a¡e aaôe on lts tnt6asity, u6ua1]y relatlve
ts s llnc gf aBotþer element te¡lqeal an t f.ate¡nal etaadarêt.

lhle I interlral staÃda¡Ar mu¡t Þe preeent Ln evepy sanÞIo le
the gue conoeltrattron, Þüð r¡ay be a fo:fef 6E eteneat adliletl

to eaoh BaBIlIe g! may be aatlve to the oæp1ea. lbô @on-

eerxtrattoE of tbo lnvestlgaterl element Ls then obtalaed

f¡oa a trorktng eulver. Ibe trorLfng eulve r le obtalnedt

froB the €ranlnatlo¡r unile! rorklng ooadlltleBs of, sanpteg

oontaltrlag tbo lnte¡nal. stanalÊ!.at and tbe lnvestlgatodl



cleE06nt la hor¡ ooncentrationE. It reÞreeeDts tho

relatton betwee¡r relatlva lnteasfty and the relatlve
oæeentration of the two elemrents csnoelneal.

Tbeoe prooeilu¡ea a¡e baseal sû the ¡sstüptien
that the lntêt!.slty ratlo @f tþe llne of tbe unlooçn

elen¡ent to tbe 1.1ne of the lntenûal ¡tandard f,s å fi¡nctto!
only of thefr relatf.ve ooncêatratlaû¡. À Breber øf r@rkers

baye reporteil tbat the adttltlon of an extraneous riate¡lal
to the sæ¡rle may groduee markeil changes fn tbe ¡eLatlvo
lntensttles.l' ?' 5t 1' õ' 6' I ilthougÞ suoþ pbeaonêna

are of, fi¡ndlaae¡tal ln¡rortance in quantltatfve anal-ysls,

l. I$egresco, f.J. J. cþln. phys., ?5314Ê-869. l9pg.
2. fryman, f. anrl Eltohen, C.S. hoo. Roy. Soe. {tondoa)Â, I5g!72- . I9ã1.

5. Ta¡¡. g@eren, 8.8.S. J. frtet. l{etals, E6:p?g- . 19g,1.

,1. Duffenilack, 0.S., ño!fe, F.E. anil &tth, E.J. Ip.il.h.g. Cben., Ánal. Ed., 5:a¡r6- . tggg.
5. D-uffeaalack, 0.8., Wl1ey, F.E. eil Orèn'8, J.S. Inal.&9. Chem., ånaL. Eô.r ?t4i0- . lgg5.

9: ?Ioagr-I.8., anil ¿pptetoß, J.L. proo. ?th Spee. conf.,56-4I. 1940.

?. ?æoatgl {aR., anrt g11v6rtho!tr, R,W. p¡oe . 6th SI¡eo.Conf., 60-65. 1959.



õ

rtth tbe e¡ceptton of tbe work of Duf,fonôaok anal Broalô

vho useal a¡c souroes, !o syat€rnatlo study of the8e effeets
haa aB yet beea !epo!t6al.

&le Eeotlon of the thesfe lE ilevoteal to a

alesetlptlo|¡ of a stuay of, tbe effeots Ef €¡tpåneous ooBlr-

osltfoB oB the relatlve lntenEltl,ec of tbe llnos ra¿ltated

fr@ a oonilenseril a-e sþark aouree. fhe ro¡k has been

Þagedl on a atatsilardl sample fB tbe fo¡m gf a eolutlon ootl-

tal¡1ng lcatl, negrrealum, a.ail oadmluu as ohtorldes . LEaüf ng

elcetrotles wfth a consta¡rt aEount of thls EolutioD, varylng

amouEts sf extraneoua materlalg rele aêiled, and tb.e reoulting
speotla studied for ebanges betseen the apectra of dlffereEt
elæente of the Etanda¡il solutlon, asdl algo fer rarl.qtlo¡a
rlthin the Epeetrum of a glven element. The extraneoue

materlalE r¡Ead nere potaeslrul cblorf ile, }lthfw eblorldle,

eelolum chl.orltile , ¡w¡gn i@ cÈIêr!.Ae, anil borl@ aoitl.
õtnltr a¡ otr¡dtles re¡e made for I bìtf f ereËt r solutlons;

that ls, a large constant amor¡nt of .a substanoe (buffer)

was aaldeal to eaoh l.oail, and tho ext¡aneoua @mposltlon

verleal as beforo. Etre rbufferrt uaed Eerê !¡otaaalre nitrate
( 1n tb¡eE ttlff,erent æounts) a¡A soillua potaasluo tartrate;
the Ertra¡r'eouE aÈtdltloaô befug l_ithlte €hlorialc, caLelr¡B



chlorlde , a¡¡tl rmnoBltû eb.lorlale.

For tbe grêatea Part of the vork, no oontlenslng

leaa ïas used tg focus the spark on the sù1t of tbe sÞeotr@-

graph; ho$ever, a fes expsrfnentälåta*fedl out wlth the uso

oE euoþ a 36ns, €Eab1ing a oomÌtarlEoB of tbo effecta to Þe

aaile la tÞese two oases.

IÞe etudlles Þav€ b6en nade ¡vfth a vls¡ to al€tenoln-

lEg tba feotors 6B rbloh tbe ef,feetg of ext!ã"reous

oæposltlon ¡lependl a¡dl neasE of retluehg or ellainating
tben.



ÀIlÞarqtua aad E¡rpe!fuiêntal, EechnlquG.

lfbe condlensèil a-c spark outflt Þy Eeals of wÞloh

tbe spark uao operateê oaa be se6n Ln the left foreground
of Plate Ii the eleotrlcal oircult ls iadloated tll flg. l.

Ffg. 1. Condense¿t a-c s?ark cireult tÌfagram.

In flg. 1, Y reBrosente a eeneral Radio rya¡laer t¡r!,e ?OOC

eontroL ubfch al}owoal â eorxtlbuoÈs varlatlon of the voltage
ap¡r1ied to the Prlmary of tbe hlgh voltage transfem€r T.
T, a fhorelarsoB Þansforner p¡ryre B Bo. l4?Bg fs ,ateal to
8Ì¡Þply 8O,OOO volta oa op€¡r cfretrlt ritÀ a I1O volt 60

cyele lnput. tbe eondlenger C is naale np ef at.ternating
glasê plates (l6rterO¿B inebes) and aluninir¡a fott. fepg
a¡e lnsertedl to auttable layera fn tbis eon{lense!, petulttf.Eg
varlatlos ln the oapaefty of the cireult. lte laduotance
L eoneistoê of tro Layers of heavy, iasutatod @opÞ€Ì ,lre
rouÀtl o¡1 a t'f, lnch anamete" oalalÞoarat, anil goakeil Ln
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Plate f. General Vtsr of A}rDaratus.

Plate Ira. p¡ate rIþ.

Flatce Ir. gFçek gleotroita Stsadt.
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me].teil Ilaraffla wax to ltptove i¡sulatien. îaps lnsertetl

at appr'oprlat€ polntE eaabledl tbe Eôe øt g7, 62 ot L?'t

tu¡rs . It ças fol¡nal erÞerlBeBtally lihat a oaÞaci ty of

0.05 mlorofaraats år¡dl aå iEduetsnae of l¿O Elorôhenriee

{l¿l turas} Íê!e thê moet aatiefaetory a6 regartls tÞ€

eteaellnese and reprodlnolbillty of the s¡rark.

Ibe eolutloa employeit a¡ a stantla¡dl samplc

tbrou€bout. the experluents aontalaea na€Eeslt&, êaa¡miEm,

a¡at ].eaal ohlorliles ln the follorlng anount6: 9.000125 p.
of magEêBlre; 0.O010O g[. of oadualtm; anô O.OO10O gB. of

leað per co. À ooastaat anou¡t of thls Etaûalardl sample

(O.oSo oo.l wae uEed ln eaoh loadl andl tbe êxtraneoì¡s

co4positlo! of the loaal vârledl. Ffve axtraneous materfale

rero useÉ[, Baû6].y3 potassiln ohlorlalê 1¡¡ anoü¡ts f,r@ o tô
O.OOê¿ æ. per ce. of potasslre; llthlrn chtorlale to

O.0OteB gn. pe! co. of llthlre; borlo aolfl to 0i0O18 gn.

per eo. of boron ¡ oalelrm ehlorlele t@ 0.0064 gn. Iter cc.

of, oalelrn¡ â¡ril an?aonluß chl@riai€ to 0.00ê?õ gp. pe! ao.

of ar¡rnoalw obI'orlêe. The emounts of the adlêeil eompounda

rere suob that the obangeo ta e¡tranoous aon¡)esltlgn

lnvolved approxfmatoly tbe oarne nurnbers of moleeules of

@aoh.



In o¡ile¡ to study the effects of I buffe¡otl I

solutlons, a largo oonstÊat auount of a substence

(Uuffe¡) raa added to loaile eo!.tainlng ltthir.u chloritle,
caloltn ehlerlde and enonlre ohlorlale a8 extraneoua

matetlals. fbe buffers useal were: potasslre nltrate 1n

tb¡ae oonoentratlons, viz. O.0064 gn. pê¡ oo. gf lrotasalrn,
0.0188 æ/ca., an{l 0.0256 gn. Þer oo.; antl eodf.ra

potasetn4 tastlate 1n a ooneentratlotl of O.OI28 gø/eø. ot
potasEi@, i.c. 0.00755 gu. per oc. of sodlruû.

The npper eleotroile of the slrark oonslateâ of a

polntedt ooI,Irer rod, rhlle tho loFer planê 6lsotroiles were

rÏ.t -shapetl ¡rf.eoes of 84 gauge Eh6êt ooppêr wtth a sparklÊg

surfaoe ârea of 1.2¡I.O sE. Tbese eLeetrodes were cleanêdl

for usê by dÍppiag for a few seoonûs la conoontrateal nltrla
aoid, tb€b rinslug rlth dlettll.ed ratet, and ffnally ttrylng

by tbe flane frm a pyrex bunsea bulrlrer, care belEg takea

tbat tbe slrsrklng surfaoes tllit not enter the ftrame.

thê oÌeslretl pXan€ êlootrstleg wers loailotl frø
plpettss Etth 0.050 cc. of the solutlona a.€Geoaa:ry te glve

tbe ileElrerl loa{[, antl rere then ttrt etl tn vaouo. Sleotrodes

on whloh the lsad had dried unevenly or 1a large oryotale

rere r6Jeote{1. flrere va¡ a ma¡ketl tenclency for a rtag of



materleX to fom around the edlges of the elêstrode fn alL

oases, eroept çhès6 soêlte potassltn tartrate was ueeil aa

a buffe¡. In these oaggg, the Ïoadt preseateil a gLasgy

appeârance aadt a ollgbtly oonver Eurfaoo.

&e loadeil pLa¡re el-eotrode entl the cleanetl

polÊt€al eleetrode rere Bourated La the spark holdot (p1åt6

I? upper Left corne¡; anrl Platee II) and the wlres fxom

thc spa¡k outftt attached. -å, standasal eLeot¡oile ae¡,aratiðn

ef 5.1 nr¡r. vaE uEeil. Thls eeparatlos wae aeasured by

plaolng an l¡oanilesoent laøp behf.ntl tbe eLeotrortes and

foor¡EËl.ng an tnage of tbe eleotrotlee on the sLlt of tbe

epeotrograph by Beans of a 15.0 e,B. fooal Length f :rt guartz-

fluorlte aohronatlo lens plaoedl on the optlo axls of tle
sÞeotrogratrrh and 5?.5 om. from tbe sLtt. fhf.s eaae IeB.s

se¡veû as a coadlenslng leas çhen it was clêslred to foous

the spark on the ellt. For Ëuob t¡ae fgur screeaa were

Plaoeô over lt ln oraler to rettuos the ltght latenslty
eufflelently to ¡egulrÊ an exposure tlme of lE seconds.

The uEe of ¡oreeaE for euoh a purpoee ie Justffleit by

tþe results of an lnvestlgatton ty Eaerf eoa.C lbc

B. ã¿rrt,soa, G.R.
18:.t98-808. 1989.



spectrograÞh ugeil was a rmailiuot qualtz lnst¡reent (Eee

Åppêndl¡ IT) whloh enablEil a É¡Þeotrr& ranglng in wave-

Length fron 2L00 I tr OOoo3. to be photograpbeô on â 4xLo

lnoh platê. For ooBvônLenee ln makltlg Glposurea, tt ras

eqElppeat wlth a sbutter lmettlately behlnil the s}lt, ln
atltlltlon to tbe itark sllde of the plate ho!.der.

Ihe proeetlurê tnyolvotl 1n making ân er¡¡osure

ras a6 f,oLlore. fbe potcntial aoross the spark gap was

faoreaEeü untll a stea{ly Eltark resuLteal. Exposuree of
Iã seoonds rsere uEetl for unbuffereil loails, wblle erposures

of A0 to 85 seeonde rore requlretl for buffereal loails.

Durlng sucb exposules, the úi ilth of sllt usetl oorrospondledl

to 59 on the d¡rn.
nlrfEg the exposure, the plaûe electtodle was

ke¡¡t ln aonstant borlzontal notlon rlth respect to tbe

upper elcotrotle, by neans of ân arrang€ment of a olank,

eo¡ew anil eoo6ntrlo, suoh that the slrark traaod out a
nulttple rtrr Þattern on the eleotrodc. lâe rate of the

motlon wae regul-etetl ss'that the spark ooveretl the entlre
eleotrode gurface tlulrln€ the exposure. fron Eeven to

trelve auoh 6rpo$¡re€ were put on eaoh photographlo

plate (see Plate III.I.
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CaLibratlon ua¡ka rere put on eacb plate (see

Platc III) by å sector-aro methorl.r lÞe orillnary ot¡oult
for a d-ê aro was u€ea, the aro beltg rr¡n at all tlEeg

under tbe Eane ognill ttons, v1z. an are curre¡¡t of g'0 @Þs.

ard an olectrocle se¡taration of I/a lEoþ. lhe eLeotroileg

were pteoèe of 5/L6 lnoh b¡ass ¡otl. 1b1e etanila¡d a¡o

was plaoetl at a tlistanee 9f 1.?O om. fron the speotrograph

sllt aaô s¡¡ tbe optlo arts of the lnÊtrreen t, antl a stÊp

B€etor waa retåt€al tmretlfately beforê the sllt. Expoeures

of froa 5 to ? geooaôs were taken with a sLit rltlth
corrêEpoDallng to 28 divlslons on the ilrrs. the step

seotor ¡ças naile f¡cm sbeet altulnlr¡m paintetl blaek,

tbe etepa transûlttXng 8.15, 9.50, 15.1, 19.0, 54.0, ã0.0,

anal LOO.O f, of the lnoidlent Llgbt. Rotaùlon ras seou¡etl

by eountl.ng on the Êbaf,t of a üoore Sleet¡lo Corporatlon

115 volt â-G notor tro.81650, llÞe staad o¡r whl^ch thls
aotg¡ vag eougtetÌt ras tt¡ovliled wftb vertloal a¡il rbtatlonat

ailJusheüts.

lbo photograpþ1o plates useal thlougbout the

exportn€Bts, llxl0 lnob Eaahan f40r $¡reotroseopl.e Platee,

f,ere alefolopeil for four ufÞutes iû D6la ileveloper, flretl
for twenty to thlrty nlnutee la an aottl bardenlÞg f1¡lng
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Þath, rasbeil for at leaet tþl¡ty minutos ln a þath of

lunntag tap water, rlasoa ilth dfstilleil rater' anil

drleil.
1b6 lntoasltles of tbe EÞootrsl llaes çere

aeaEureû on tbe dllect reaåtng photøelootrle E1@ro-

pbotometêr, desorlbeô ln Pa¡t E of tùls tbeels.



Data a¡'Gl Dlacuseion.
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Data q4tl ÐlscuEs:Loa

Orlag to the large Êmou!.t of data accumulatoet

elurlng these erperl¡qeats {ove¡ tweaty five Srlatee have

been taken a¡¡dt str¡tlled), only typioal resulte are belng

reprodluoed 1n this thesie. For eaa€ of eomparison, these

are ln tho form of grapbs.

Fo¡ ease ln the colqparf soa of the ill ff e¡ent
sets of fatenslty ratLos, the ¡atlos gbtalned from the

unbuffereal staadard EoLutlon slthout e¡traneous artt[tlons
have been rêaluoeil 1n alt eases to ân arbl trary val.ue of
unity, the oth6r ratfoE belng reduoeat ln proportlon.
Frovliled the two llaos eonoerned ln a gtven ratlo illdl not
allffer 1rr navelength by more tha¡r about I0O 8, a slngle
oallbratlon cu¡ve couldl be used ln tbe measurementg on

botb lntenEltles. The resutting fntenslty ratios were

fouûal tg be reprotluoible fro¡l ore ¡llate to another. For

lnctanoe, for thlrtêea €Ípoaures usfa6 loads cf unbuffe¡e¿l

stånilard solutlon wlth no ailtl l tlons, tb.e lntensJ.ty ratlos
PbI ABSg/!{gI ¿85È were foun¡l to have ân avêrage varlatlon
fron the meaa sf, 1.$, and. a lraxl&l& devlatfsn øt L6fi.

Ia order to ooapare latenslty ratios where the

wavelength se¡raråtlon of tbe linee was ro"" tn"ra about IOO
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8, that ls wher€ two oaÌlb¡atton ou¡ve6 were usedl, tbo

tno curvec r6!e aalJustetl unttl tbe ceatral- polnts of the

stralght portions of, tbe ourvea eolncitled. ProvltlEtl the

tío ouryea ln questloã are parallel 1a a glven alonglty

¡eglÕn, auch prooedurê ls equlvaleat to nultlplylng the

late¡Elties {whlch are oaly relatlve, ia any ease) of
oBe of tbe ourves Þy a oonstant factor, the lnt€ûrsfty

ÞBlag plottetl on a Logarl tbnto seale. Due to the faet
that the ourves wele not, La generaL, parall,el, values

taken from dlffe¡ent plates showeil avêrage êlrors of about

10 , 6nd gooåBtonaL varlatlons of as mucb ae 26fi from the

mean.

Regslallag the average an¿l marlmumnrlevlatlons

frore the mean quotedl above as glvlng an lndlleatlsn aE to

error, lt eay be eoucludEd, that for thê tlata.froo a glv6n

plate the probable 6110¡ of a giv€û ¡atlo as o@lreledl

rlth other ratlos frcrn the eane plate, fE about z$, wt6

the eorresloa<lf.ng maxlarm error about 15f . fn the oorllra?-

lEoB sf ratlos fron alifferent platee, th6 plobable e¡xo!

tsay b6 so&êwhat hlgher ile¡reaillng on wbethe¡ or Eot the

sane callbratlon curve was uEotl to measure ths fntensitles
of the two ]-lnee of the ratlo.
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ï¡rors in the woxk n'lght arlse fÌoB many sources,

suoh as eonrlltlsns of the loatl, varl.atlon la sPaf,ktng

cgndltl.ons, nôn-r¡¡nlf,omlty of the photographle emulsf on,

anè the IrhotoBeterLne. To ¡etluce theso, the foLlowfag

precâutl.ons were taken !

(1) eleet¡stles on whl oh the loail Þadl dlrledl unevenly

or Ín large crystals were reJ€ctedl.

{ff} a stantlardl electroile aeparatton Íaa uãedl' Frl(l

the posltion of the 
"uítfl*J'"fo'åf "ilorr"e"aph stantlardleed .

{rfl} tae potentlal across the spark gap rås grattually

lne¡eaaed r¡nt1I a stoatly spark rae Just obtaineA (the

reslatanoe of afr b¡eaks dlowtr at a potenttal essentl.ally

eonstant fo! a eonctant eLectrotle separatlon).

(fv) for the greater part of the work, no oon<lensing

leas ras ue6d to foous the sÞark on the speetrogreph sllti
oonsequeatly the latte¡ was unlfonûIy lltlelnateå antl the

reeulttng Ii¡os were uniforr. In photoneterlng sucb 1lnes,

botb top aadl bottom of the 1lne were u€asu¡etl, the mean

value belng takea 1f there sas go otl agrcdneat ¡ othelwise,

the llae wcE examlne{l fo¡ faults ln the plate, antl lf suob.

wele founil, the affected value o¡ values reJectetl .

{v) to nlnlmLse Sberha¡ê effeots {see ÂI,penatf¡ V) tnr'
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22. Wtebb, Ð.4', Natnre, l3Q'L48, 1137'
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no co¡'tleaslag lens wag used, tbe pl.ottedt pol¡,ts repreÈent

tbe mea¡ valuea of at leaet tso ratloe (obtalned by

pbotouetertng Þoth top andt bottor of the llaeg). In uany

oasee the pointE represent the aoan valuec of tws o! more

entttely iadepenrllent ê:rpoaurê6. fn tbe casos rh€r€ ¡
coudlenolag LenE ças useil, tho topo anël bottoms sf the llneE
were photometereil, glvlng data on the o¡rectra emlttedt from

tïo Irola.ts on the arls of the s¡ratk, sne aear th6 plaBe

electrotle, aadl the other near the ¡rolntedl electroile. Intens-

1ty ratlos f,ron both of theEe poÍnta ara presented 1n

Graphs VI aail .IX.

ParttaL eBergy leve1 ttlagrabs of the three

elenents r¡Eeil ln the Etanila¡d eøap1e are ¡êproaluced in
ftg. ¿. Íhe numbers to tbe left of eaob illagram are the
saveannber s ooareÊpor¡illng to thê energtGs of th€ levels,
!bll,ê the øya.bole oa the rlgbt tntltoate the kintt of level
(see appendlx If) . The vertloal lfaes lndloate the' dret!ånsltions whloË ¡lse te the lfnes etualteal. the nr.ubere

aloag the vertloal ll.nes glve the ravel"ength.of the line
ra 1,.





fater Spcotra RatLo¡
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Êffecte of varfatlo¡

intenei ty ¡atto ¡ o!, r¡nluf feqqjl- solqü!9qs.

Ia the @apbe I, tbo ratlog of tbe reaonanoe liaee

sf leað anil oadntum to tþê tosonanoe Ilne of Eagtteslrs

arc plotteù agat&st €lrtla.neoI¡E aøposltlou. lheee grapbs

Ebor¡ slearly tbat the ratlos ilo ateltenil oE tbe ertra¡oeous

oon¡roeitlon of the su¡tle.
lbe ehanges la the ratlos wtth aililftlons of

potaecttm ohlgrldo aro not tarl€al {eee Êraph fa.}, nhlle

rtth ailðttiqEs of borie aolit (c¡apn IÞ.)' the obangeE ate

Tery markeal. Ate larger aðdlttons of botb borlo aoi'il anfl

a@oa1ue ohlorlåe {oee Graph Ie.) rere for¡nal to realucê

the reproiluotbtltty of the ratios (va¡fatlons of about

26% atd l5É reepectfvely te!ê founil).

It eay Þe aoteô that the ratlos soæ to approach

a eonstsnt valus wltb the largel aililltlons of oaleXle

ohlorltle (aee Graph lal.) ¡ the loail to BagnêâI'@ ratloE

aot oiml}arly for aüdftlons of lttbitüt ohlorld€ (eraph Io.).
In these oases then, the rattoÉ oaa be stablltzeð by the

aôilltloaE of la:?ee amor¡ntE of, tbe sltleneous mate¡ial.

Ítrl s faot ls tbe baslE of the tmethod of e¡eeaer proÞosedl
t

þy Duffendaok, fftley a¡il ûrens." Eorevet, for tbÊ renge
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of ooaoo¡¡tratlo¡s of the adilltlo¡e aadc durlDg tbese

exgerlneats, the ratloe ¿o aot all aBproaoh Etable value e

for the larger atlalttloE8. IhlE suggesta that aome oate

aboulal be obeerveð ln apÞlylng the rmetbod of creesgt

lnallso!l"ultrately.
'[o slea!-or¡t oorrelatlsa betseen tha loalzatlon

potætlal of th6 ail{lttlon a¡rl tbe effeots proilueed þy thc

aalalltf.on 1ð aÞparent from the tlata. I'he lilnlzatle¡

Þotentfals of the elereento ¡rresent ln the vâlLous atlalltlsns

ale: potaaalte, 4.gA volts¡ llthtle 5.9? volts¡ ealotum,

6.09 volts¡ børon 8.Ê8 volta¡ ohlo¡plBe, 18.96 yolts. Irt
geaeral, tbe ebanges ln the ¡atlos tlth aiLtltloaa anrl,ea:r

to be least when the loDl.zatlon poteutfal of tbe ext?arreous

a.aldltlon ls lêast.
gffolts to oorrelate the effeots proiluoodl by

an adclltlon rltb tbe Þbysleal obaraater;.lstlcs of that

adtrlltlon {atoulo welgbt, þolXilg Þolnt, etc.l bav6 not

tbue far bee¡r suooêssfi¡l.

In geaeral, tbea, lt nay be eonol"ualeal tbat

vârlattoas in th6 anor¡Bt of êxtraaeor¡s uaterlal preseat 1n

a¡ r¡nbuff,ered eanBle, Eay cauao !a¡k6d obaages la tb€
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lntenslty latlos of the EÞeotlal llaee of eleuênts alreadty

plesent lu tbe sbetfercil sãElrle. ño corrêlatlotr has beeÊ

found Þetween tbe ef,feots prodtr¡c€at by a Þa¡tl otrlat aaalltten

rnal thc loaizatlon potentfal 6r otbelr phyotoal. oongta¡te of
tþe aclilltfen. trhtle tho Latêa€lty rattos eay allproaob

etaÞle velues a€ larger adilitloae atre nadlo, thls hee Dot

bee¡ ebserrea la al1 oases çlthl} tb€ 118lts of, tb3 ooÀeen-

tratioa¡ gf tbc e¡traneous naterlale used êurfag tbeee

erIrerlEeBts.



?o

EÊlqatqq ql v4rtquiolqr jþ exttaqeoüs eopposltton o¡ tbc

lntenstty ¡qllog of soluttgeg þuffgreil tÊ-t4_ 9gqlraleat
eoun_Lê o8 !!!lËge¡en,Þ !uÞg!q4eqB.

In the Grepho If anil IIf, tbe ¡atlos rêopectlvely
of tbe resona¡roe llnee of oaahlE aBal of leaû wlth roalreot

to the ¡eso¡a¡re€ ltae of EagBesl.um, are Þtotûsd agatnst

ert¡¡neous ooBposl t1oa. curveE shoElag tbe ehangGs lD tb6

lntensl ty ¡ratloa of unbuf,feredl solutlone, of eoluttoae

bufferoil wltb ¡lotaaelw. nltrate {0.0198 6n. per ec.. of
potassfuu), aad 6f soJ.utlons buffe¡etl lrith sodfuß potasalum

ta¡t¡ate (0.0188 gE. Þ€r oe. of potassLum, 0.OO?85 gp. pe3

oo. of sodlr¡E) rf th variatlon lB the ext¡aueoua oomXrosi tion
of tbe sam¡rle, are lnolutled on one graÞh fot eaob adlûed

extraqooua substanoe.

It le o].ear from tbe grapho that the Þìtf,fers,

fa the @ouJû'ts useil la these exgerÍments, alg tlgt tmplove

the eonetaney of, the lead to magneolurr tatlos wlth va¡iatlon
1n ertraneoue oomposftlon. On tbe other hand, the ooastanoy

of thê oatlmfr¡n to nagnesltn ratios ls ctef,lnltely lmproveit

by the uee of a buffor t tbe soallun potaoêlun tartrate belng

ln generaL a ûole effectlvo staÞllizer than tbe potasofie
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nl trate .

¡n general, the b6hav1êur of tho latenalty :ratfo

of tbe speotral llnes of two givea elementE ri t'h varlatlon

Ln e:rtraneous o@posltlon of tb.e aæplc, Ael,e¡tds on tbe

klndl oÊ Þr¡ff,el uEed ia the sæp1e.

FtqE the experiuents berê des@rlbedr 1t ls oon-

clualeal tbat the ¡nluolple aalvaBtage ln tbe r¡se of a bnffer,

suoh as usetl ln thls rorkr llee la thê increased re¡rroilue-

lbtlfty of tbe lntenglty ratlos of tbe I1¡6s of the elementE

of the sample.
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gf f eg te ella¡letlolñq 14 fl traneqge_ eeqpee!_!!_gq__9r¡ the

latcaEtty rattos of sqlqE!9n6_b!lft9æ! !!ltb allflqfent

@o@stanoe. 
.

In the Èaphe IV cnd V, tbe ¡atloa @f the

resonanoe llnce respeotiyely of leaal anal of oaatBlur to

tþ6 resonåtoe ltne of magnesÍre, alo plgtteil agalnst

€¡traneous oonÞoEltfon. For oaeh ext¡aaeous gåðàti¡¡ioe ,

there are lnoludeð on one eet sf a:ces " f,our oulves, eaoh

ropleseEtlng eæBlee to rblob.a gfy6B. s8or¡¡rt of, buf,fer

bas been ailtled, vir. u¡rÞuffercd solutloas, solutlons

Þuf,fered Elth potaselr¡¡l nit¡ate 1n three dtffereat
@ourta, O.006i[ gE. Þer so. of potÈ¡igil¡G, O.OlUg ge. pcr

oo. of potaaslum, anal 0.0856 gq. Þer oo. of Þotasslre.
Frsm €a lasÞeotlon of @apha IV, 1t aÞpears that

tbe uee sf a buffer ls the fofn of potaaslum nltrate over

tþe ooDeeBt¡atlon range of tho experlmento, ûoes not alal

f.n stabllf,zlng the teaè to Bag¡eË*ue ratlos wftih varlatloa
ln extra¡eoua eonlrositlon.

On tbe other baBô, .!Ebe euÌves of the clapbs v

aþow tbat tbe r¡sê of potasElün nltrate ae a buffor, has

ln genoral a stablllzltlg effeat oB the oailmlln to llagBe8ltü

ratloê rlth verlatlon la ertraneous oonposltfon.

hon Gra¡lh Yo, lt aÞpeare tbat tbe anount of
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buffer ugeil 1e a faoter t€ be ceû81tlerêal. AE the ooBoea-

tratlor of amo|tluB ehlorlde lE lncreaaeal r the ead!úlum tð

uagneslu@ ratl.sg sbow a Barketl ileoEeaae for the unbufforeil

sauples i thls {leoreaae 8roús }ess vhöt buffer la aal€lett to

the s@pl6s, tbsr6 belng ]-lttl.e ohaEge ln the ratios for
the tro latermeêlate loaûs of buf,fer¡ flnally, as the con-

a@tration of buffo¡ ts sttl1 fi¡rtber iBe!6aaea1, tbe ¡atlos
sboû a marheü lEoreaao ae tbe oonoentratlon of, amrnonfrm

ohloride lE lnor€âsed.

It ls olear from tbese resultE,. tÞ,at tbe r¡se of

a buffe¡ ln a aanple, Dây or! u.ay aot stablllze the tnt€Èsr.ty

ratloe þf thê ltnes of elemente lrlea€ùrt lü ooDstsnt mor¡n ts

la tbe samÞLes, unalêr oþanges l'! the o¡traneous GøBposftlen

of tþe oanl,les . &e effeo ts Þroaluoe¿ dlepend t! thÈ e1e¡¡eats

shose Íntenslty ratlos ato oonsf.tlereil, anil on the ki,aû antl

aEouÉt of th.6 Þuffer uaed.

&6 ratlos plott6a lu th€ precedl!'g graÞbs bave

aleelt exeluslvely rltb tbe lesor¡âFce llnes of lead, cadmlr&,

aad Eag¡eslün. lte lntenslty ratios of lfnes ooalng freu

þLgber leve1s rltþta these atoas ha\re alao been stuallo¿t

{vla. Fbr 26L1/ùÃ,8r 8?80, CatI g194lßer. B?80}. lrhe effeors

of ert!Áneous oonposltton variationb on €uoh ratlos r6re

slmllar, Þu.t, 1¡r geaeta]., Eore må:rkeat t;þan th€ oolresnrontllng

effeots for the lesg!.ene€ lllres of eaoh palr of elem.emte.



Elqeets of va¡ietieûq la ertranooüs eenpesttlon !4 j!b.e

lpter slreotra Íatettglty ¡q!¡.os qq ltBes qnJllgal frcp

4l:!!e¡eqt lrortlo¡e_gf {&e souroe.

The uee of a oonilensing leao to focus aa fmege

of libe Epark on the ege e trogfêIlb EItt enab].edl the s tualy of
the effeota of ertra¡eour oompo8itloB oa th.o relatlvc
lat€ûesltteá of ll.nes enftteal froË dlffereÞt Þortlons on

tbe axia of tbe 6park. fbe Grephs TI :reooril ratloa
obtafaeal åron unbuffsreal J.oaals of Btaadaral soLut1or., tbe

lntensfty ¡at3os PbI e8$SlUgI A85U, PbI ?öLUÃ,g;L z?elg,

ciu 5a6L/uef e85e, anal cdr 54o4l¡sgr e?8o b6lng pl'otteô

agatnBt adltltttons of llthLü@ oblo¡laê. Íhê our?ôs of

GraÞh lfta are f,str Llght emtttoal fron tbo axls of the spêrk

neat tbe plano eleotrode. tlhe ou¡ves of Graph Yfb are

fo¡ enlssloa from the axis nea¡ tbe polateil eleotroile,

a¡d the outyoa of Graph YIo for eelssloùr f,ro@ tbe spark

ge a whole (1.e. no oonilenslag leas vas useil).

ComparlEon gf the Grapha YI shows that the shanges

t¡ relattve tltensity ritb varlatloB8 la tbo e¡tra¡reous

oonllosl tlotr of tbe ssnples ocour Ía allf,ferent rays, tn
generaL, dlepe¡¡iling o¡¡ rhothor ltght frou oûly a portton

of t'he sþark ls uÊeal, or Fhethor Ugbt fr@ the vhole
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Êþaik ras afultteal to the sllt of tbs strsotrograph. flle
rag f,çrmdl to Þe t!!¡€ of a}l the extrajteous addi tloas uoedl,

for both buffereô aadl unbufferetl coluttons.
Rêproiluelblltty of tbo rati.oe vas not as gooil

when a ooatloasl.ng lê&E sas useal es Íhea no eendenslag leno

was useil. lhls is eastly untle¡¡tooü ln vl.e¡r of the

YêltåtloBs tn tbe lnten6lty ratlos aloag tbe a¡1s of tho

sÞark, €¡d ln view of a¡ obae¡ved tendenoy la the spårk to

wayer ÊoÞeshet fro¡c sltle to sttle. ft may be oonolutled

tþat rbe! a c@ilensfng lens is usod, lt fs lmporÈast for
reIlrsiluslblllty, that llgbt froE the sæe- portlon of tbe

a6u¡ce be êôú1ttêA to the tltsperslng lnstr@eat at all
titses. fbiE Goaalltton le very dlfflcult to attaln ilue to

ths fluctuatloae of, thê spårk in epaoe. Slnoc a oontlensfag

lens may be usEil to advaatage ln aany oafrês, where blgb

se¡sltlylty alit htgÞ reso1r¡tloa a¡e dlesl¡ed, Ít may bo

t¡eegssaîy to saorlflce rep¡oiluotbillty, and henoe accuraoy,

to these other oongidleratlons.



Iatra Speetrtu Batlos



$Éleets ef valtettqrr fs_e¡traneol¡g lolrpeqlt¿eg !4,jbhq

iatra speotrle ¡atlqg sf buffe¡e¿t q!4 unbuffg¡eit samplee.

In tbe Grapha TIf anat VIII, the Lntra spêotrre

ratlsE Milr. 
'F|eCI/þágl 

a868, Pbr 
'J6L4/P1f,r. 

Sß4O, P:br 96&/

rÞI ¿869, and gall g4O0/e,AT. ã261 are plotteil agalnst the

e¡tråaêous adilltfêûs. fhr ou¡vcå ef Grepbs vII aro for
üúbuffereô eolutlsaE. Ilre êrapbs VIII Ulustrate tbe

ohangee tu. thê ratlos rlth varylng atlilitiø.o of lttbfrm.

cLloriile, for so].utlons buffe¡etl rltb three itifferent
amor¡nts of potasolum ¡1ltrat6, the amount of br¡ffer betng

oonstant fo¡ the suave a plotted ln a gtvea frame.

Se Gra¡iha ïIf shor that the¡e are ohanges

i¡ the latra speotrre fateonelty ratloE as adilttlone of
e¡traneous materlal are saô€ to unbuffêred solutfons. It
nay be DotêA that rtbe sadmlr¡a' to oadBlHo ¡atfoe arê fn
genelal môre stable unalc! varylng aildftlong tborr the

otber ratlos plotteê. &e magneoile to Eagaeglun ratlo
A7æ/zg,âa deof,eases wtth inorsasiug eoE¡rts of alL tbe

aaltlltlolls.

The survoe of .Gra¡rbs VIf are aot lntlloatlve of

any eloee relattonehlp batweer the ohmgee Ln the lntra
spec trre ratlss anal the oorreepondlng 1nt6! snrêotra raÈlos
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(of. craphe Io, ilrand el . [be lmpltcations of thts faot
rlLl be oonslderetl later.

Ccmparlng tbe orævee of Graphs YIII rlth those

of Graph YIIa, tt ls appareat that the ehæg6s ln the rattag
çlth extraaeoÎ¡s o@Xroslttæ vary, ttôp€B.ill!,g oa the a¡0oÌnt t 

,. ,

of Þuffe! preõênt ln tbe ræple. Ího uge øf a buffe¡ has

aEtab11l.zlngeffeotonaomegftberat1os,an{llngeae!a].,
laoleeseE the re¡)roaluotblltty sf tþe ratto6.
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EÍfeetÊ of va¡latlone fn ex!rån6!q¡¡ !!ù!Þgeltiqn qlr Jbe

lntra gpegtrlq lateuetty rqtigg_ of, Llaes q4ltte4 f¡oe
Atffer€|lt portl€Bs of tå6 EpqreE.

lbe grapbs IX ltltltoato tbe ohaEgês rtth €xtraneous

aempoEltloa of tbe lntra sÏ,eotxl¡8 latensf.ty ratlos of llght
e4ltteô froo. ôLfferent portlons of tbe sIrark, nanely, from

two polnts oa the ar16 of tbe spatk oae near eaob Eleotrode

aûdl fron the sl¡a¡k as a rho1e. I'hege ratfss oorresÞonal to

tbe lnter spsotra ¡attoE of the Graphs VI .

flre Èaphe fX shoû clearly that the behavlour

of the ratlos rith ehaages l¡1 er¡t¡:aneoua coEPosf,tion, Eay

vary oousf.alerably, ôel¡enatfng on tbe ?ortlon of tbe s¡rark

rhoee llgb.t êmlãstoa ls e¡elnedl. Eeaoe, th€ ohaages

wbloh tako Xr1acê fn the <llsobarge rltb yarlatloa8 in.
e¡tra¡eous ooepoEltlon must be extremely oomplor. lbe

slgnlfloanoe of, thls rlll be oonsliloreil later.





ElfsqEE of varlqt:Lons in e¡traneous gompoaltloa on thq

l4tenglty lqtlos of the Lon to neqlraL speatra of qageglt¡r.

:ttrarease fa tþe l¡tettElty of tbe spect!¡¡e gf the eLtran6oug

subatanoe.

.å, vety strtking featuïe, oonracn ts all addltloas

to tbs unbtrf,ferotl sauÞXe ras tire Bark€d aleoreêce tn tbo

retlo of th.e lon to ¡reutral Ìlnee of lagnesfiû wlth
Lnoreasl.ag ooaoentratlon of the e¡t¡a¡eous matorlal . llhlE

¡hønomeuoa ras aot oþserveil for buffe!"etl eolutloae (af .

Graph E.).
Sgue cortolatlon betçeen tþ6 dleo¡eage ln tlhê lon

to tteutral ratios aaal the lnor€ase 1¿ lrltênglty of the

extlanôouô materlal 1Ê oleatly shom by the eraphs N. It
tc apparont that a grâtlsal ileoreaEe 1a the toa to neutraL

ratlos lE asaoolateil wlth a gradua]. lnoreaae la the

extran€oua to magneel.um ¡ratloe (of. Graph Ia.), rhfle a

Dor6 ral¡lit ðeoreaee ln th6 lou to n6utral EagBesiln ratlos
ls aE¡ooiatetl xlth a mote ¡a¡rldl ltrorcaeo tn the extranôo¡rs

to magneolta ratlos (of. G¡aph Iþ.). For thls reagon, lt
ie felt that thle Þhênonenon oan bc explalned qualf.tatlvely

m thê basts of Sabars tbeoly êf thenûal 1o¡lzatton.9

9. Saha, ¡d.N. ?,eLts. f. Physlk, 6¡40. 19sl .
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QualltattveLy, thls thêory Day be lntorprot€al

to meaß that tþe luuber of 1o¡g of, a giv6B €Ieüent Breaent

tn tbe altsoharge slll Aêolease, as tbê nreber of lone of
a¡otber elernent laeleages. Slnoe tho nrnbør of lons of

tbe e¡traseous eleEent present ln tb€ allsaharg€ rfIl fD,Grease

stth tbe aBou¡t of thls elemeat 1n the allsoharg6, it lE

olear that Sahars theery rtll erplala guaLltatl..rrêIy tbe

obangos ln tl.e fon to ner¡tral aÞeotra of magBeslr¡ø sl th

vãrLatlo¡rs 1û tbe sxtretlroous o@po8ltt@ of uaÞuffêretl

solutf"Etre.

hrrther, the oonstaaoy of the ratlos of the lon

to neutraL apeotra of llagn@alr¡m reith va¡latlen ln thê

extleneoug ooBposltf.on of bufforeal Bolutlons oa¡ be

erp1alneil on the basie of this th6oly. O¡re woultl nôt

ertreat relatlvely æall aitdftlong to a load beavlly
buffe¡eil üfth potessiun nltrate to reiluoe appreolably

the number sf fone of a glvelr EubEtanoe al.reaily 1rrÊsent

ln tbe Aisebarge, owlng to tbe Large anmb er of foDs $hloh

stroh a buffer çonlð oentrlbute te tbê allsohargo.



Ðiscuselon.
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The¡¡¡al effeots tn !þe soqroe.

fbe investt gatlono of Langatloth antl ¡ñoRaelo

have l¡åleateê that the excltatloa in a condlênseal rpark

tliôoharge llrotlÌ¡oeal by ofrouits bavlng a falrly Àsgg

ogoll.latloa pertor¡l (L0'4 eeeondgl uay be oobafal@redl tho¡Gal

ln charaeter, juat as ln the freely burnln€ *u.11
Å oloee åX)prgxlnatlo¡r to th6 osollLatÍ"on pe¡loal

of a slrark oiroult, 6uoh a6 ueed ln these er¡rerluents, nay

be obtalnedlå' lg by th€ use of tbe relatlon

rÈ =-=Eg=- ....{1)ffigl/LC 4 r,-

rbere f, Ê, L, antl G denote resÞectLvely, the pêrfoal,

resl.stanee, lnaluotaEog, andl oaÞaolty of tbe cl¡oult.
X'or tþe ciroult usetl LE theee experluoats, t

ras lAO aloroheB¡tes, C raa 0.Og þlcrofaraêe ¡ a¡na R Eay

be aEsuoetl to be of the orile¡ of 5 oMs. gubstltuttng

theEe vaLueÉ r.n (U, the pe¡loa of tb6 olrcult turns out

to be appro¡lnately 9110'6 aecqnas.

lO. I,a¡gstroth, e.0., and &loRae, D.R,, Can. J. Resea¡cb,
Â,16:L?-27. 1958.

ll. Nqü¡ko!¡pf , B. TneLta. f . Physlk, 86:161-184. 1955.

12. MllÈer, S.8., FbiL. lbans.r.A., 809:?1-88. 1909.

15. Royfls, f . PhlI. lïaas., å,¿08s599.Þ547. 1904.
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lhls pertotl 1õ somewhet short, but the laok of,

alr liaeE 1n tbe Epectra Xrroalueeal showa that ths }1€ht

æitteil by the spark oones mala1y fr@ tbe aro-llke Þhas6

{see Åppeadir IIII . glnc6 the eroltation iE the froely
butalng å¡c f.s tb6tE[al ln chå.raoter, 1t llay Èê asgurl€d

that the e¡oitatlon La tÞe spark sou¡oe usedl ln the8e

e!Þer1n.ênts ls also p¡641olrlnantly therual.I0
llÍannkoppf" has otatedl that, ln tbe aro, th6 otrly

iaflue¡r.ee of an extraneous el,ement t s a ohe.ge lB tempêrature.

If tble 3tat6@ont ean b6 applfetl to the ooatlsnseal a-o

apark, ft sbor¡].tl be ¡roselble to oo¡rect for the ohå¡ges

ln the ¡atLos duê to yarlatlong tn tþe extranêoug

ooBlrosLtl.@, 6Ln0e the mode of valt atf on ef ltnê lBtensLty
rlth teml¡eratu¡o ,.8 borû.

Åserelú.8 I,rodoBlla¡tly thermal etroltatlor¡ la the

aBark, e"r al hênoe, a üa¡rell-Boltaaa¡ €llstrlbutlon sf tbe

atome anoag the enêrgy levelE, a t€Dllelatur6 ohange, AS,

oar¡ be meaaE¡ed by t¡ae of the relatloa

ÂT=+kfaÁf,,.
Ehl oh is easlly alêriveal

aE r,a
. fldi

- AElÆ
I,¿ÈÂPfa a ' ...(S)

where A 1s a constant depencllng on the frequencies anal

populatloas of the tnitial and final levels, andl
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tbetre Ir1 trr th6 lnteBslty ratlo óf a ].lne ooEfng fr@ a

blghe! level nl thl.n tb.e atom to a tlne comLag flom a loçet
level, tJxe ratlo of the traasltfon probabllttfes for th€

t¡o llaee belag P,.¡ AE ls the energy illffe¡ence betneen tb6

inlttal levels of the llnee¡ k lE tbe Eoltæann coastant;

f fs the abaolute tæperature¡ and Al le tbe temperature

oba[g6 oorrespenallag to a chaßge of Af,* l¡r the tnteasfty
ratfo of the two LlBe6.

Equatlon (8) Ileruitted tbe aaloulation of tcnÞ-

eraturo ohaagee in the apark, frsm tbe ohang€s AI,. ln the

lntenstty ratlê I,1 of tso LfBês wlth tllfferent lnlt1al
energy tevetõ rtthtn an elæent. k baa a vaLue of 1.6?:110:16

êrgs per (legre€ abaolute. AB oan be itetemlneal ft6Dû tb.e

sn€rgy level illagr@ (of. flg. å.1 of the element whose

ILaes ere oo¡raiêelea.l4t lõ Áo eB¡rroxluate value of, f nas

tleternlnedl from expe:rioents on tbê tttr ratlos g26A/á1?ã,

ød SZ6Z/fi54 whlaÞ hêve Þeen oallbrateil fsr teEpêraturê

agafast tbe oy€aogen ba¡ds.lo lhs t temperature t of tbe

spark ras fgunil to be about ?OOOoÅ.

1å. Eaoher, R.F., snd Gouð@it, S., Àt@lo eDergv states.
}.st edl. lfoGrar-füI-l. Book Co.f tretr Tork. I9SÊ.

15. Grotr*,aå, IÍ. GraphlEsbe ÐarEtellueg tler Spektren.
lst ed. Sprlnger, Berlln. 1988.
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If the eff€cts of varlattotrs ln f,he êxtr?neouo

osBposlttoE are ¿ue- p!fuuarlly to tcDÞeraturq abangeo fa
the eoulce, then the l¡rtra spêotll& ratÍos of twe l1¡ee
bavlng reFgectlvely hlgb asal 1o¡r l.¡rlt¡.a]- Ieve].e, wor¡Lê Þ6

expeoteal te obaûge ln tþe serne ge¡reral way for eaoh €le!ûent

of tÞe etaþttat{l sanpLe (cf. equatlon 3}, wtth addltlons of
extrcneou6 subEtanoo. Äû exæfnatlo! of thê eraphõ Vff anô

IX sboçe that tbfg ls not ln general the ease, for the dlata

of these experlnente. Further, caleulatlon shôrs that the

teu¡rerature ehaage, requirecl to retluoe tbe lntenslty of the

lon to aer¡tral llagÃesir& rÉþ'o zg6f/¿?Bo lE' the uanne¡

evltleaoeil 1s the G?aphs N ts 1es6 tnan J.00eÂ¡ thls @ffect

has beetr explalnedl oû ths beels of Saha's tb€ ßal lonfzatlor¡
thoo¡y. fhe con¡taaey of tbe tatl-o Zgít/Ê?8o i:l th€ eage

of buff,ered solutlonE l.lnlte terperature ohangeË Ia tbe

ÊIlark to tho oraler of 1OoÀ. In æy oaae, a teu¡lerature

obange of l00oÂ. rould not p¡oaluoø aeasureble oba¡rge in
the latra Epeotrur ratloe of magreotum, oadBlr& antt leaat,

whlch have been Êtudleal alulltlg tbls ex¡reriaentatto.¡. Ilence,

1t &t¡st Þo oæolutletl tbat, 1¡ tbe oondensed a-e spark, tbc

chsnges with extraneous couBosit[.ea ln the lntenolty ratles
sf llnee eeltteal by the epalk oon¡6t bc exptralneal on th6

þast,g of temperature çhanges ln the se,uroê.



Fo¡ thfe reaEon, tlre uethoil of oorrectlon of tb.e

lnteæalty ¡atiog lor tbo effêeta of €xtraneoua c@posltloa,

proposeil ¡y ¡,ov¡l6, a¡rtl baeed on tbe assuûrptlon that the

effecte nere tlue eatlrely to teBperatule ohange6 ln tbe

Eou!e6, b.aE aot been for¡¡tl a¡lpllcable to th,e itata obtalaodt

durlÉg theee experlaentE.

16. tevy, S. J. of Åpplteil Physloe, Il¡480-48?. 1940.
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Å11 loacle, çlth the exeeptlon of those buffêre¿t

ilth aotllr.ur potaeslrm ta¡t¡ate drledl sonerbat unevenly on

tÞ.G eleotrotles, Ieevfng a rough sulfaoe, andl a rlrrg of
materlaL a¡!^ounat the edgee. fr6 varylng solubtllttes of the

materials la the loads (0.0076 @. of leed ¡ler oo.¡ 0.L44

gÐ. of magneelum pe! oe.; and 0.86 gE.. of oadmfre per ea.)

would uBaloubteilly oontrlbute ts the uneven Afstllbutto!¡ of
substaaoes on the eteotrocles. I"eail, wl th the least so]-ubillty
roul'il be tleposlteê first, andl relatlvely more lead tban

uagneshø or eadlmfle woultl be erpeoteal ln the rlng of
materl.al- arormtl tb6 edges of the eleotrorile, çhere the rete
of evapotatlor ls greatest, {luo to the greater eurvatu¡e of
tho sì¡rface of tb.e solutt.on.

It has been noteit before that the lnter spêctrra
ratLos of the r€Eoûance llnes, and of ltnes wlth bfgh
lnlttal Levels, of tro of thE stâBala¡at êlenenta useê la
these experlmentà, ohange ia so!ûeïhat the sene general

nanner wi. th varlatlone 1n extra¡eous om¡rositf ør¡ wtth the
posslb}e e¡oeptlon of. tbe ratioe ilerlvedl f¡m ilata wbere

the loadte were bufferett wi th Eodir¡El potassfrø tartrate.
Slnoe lsatls rhich {trl€tt to all cutwartl appearaeoeÉ uni fotaly
ôltl not sbow theae geaeral obange6, wblle thooe whieb dürled
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dial, lt ls olea¡ that the se genera! ohangee in the speetrum

of one eLement relative te tåa t of eother ean be most

easily erI,lå1B€õ en the bael€ of eha¡gês in the illstrfbutlon
of mate¡ia} sn tbe eleetròilee.

Eorever, tbe use of Eoðium potasalum tartrate as

a buffo¡ elldl not stabtllze the lnter sI,6ctra ratlos to tbe

effeote of va¡lations ln e¡atrareous oompositloa, ae roll
as dllal potasgtum nitrate (of . Graphs II a¡d fII). ñonce,

tbe ohangos 1n the later speotra ]latlos sbserved wlth

vêrlatlcDa lB eftranegug aeü0posttl o[ of the sc;rpJ.e, oan

be ouly lrartlally tlue to the r¡neven illstri.butlon of
mate¡fal on the elect¡otlee.
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Àtonio fujle¡acttqng ln !4e lqpqtk.

lhe mechanl-s@e of reLease of materlal fro¡o tbe

elEctroileo antÌ thE neeha¿l*ns of ereltation of the atcurs

wlthln the dliseba¡ge uust be of a very o oo¡rlex aatu¡e.Io
The e¡eitatlon of, tbe atæg doubtlees lnvolveE oolllelonel
prgoesses, anô hence mugt tlepeaal on a number of factors,
suoh as the nræber of €l.astfc and lnelaetlo oolllslons,
tbe oollietoaal cross Eeotlon, easê of ionlsatlon antl naeses

of tho partiolee.
Evltlence of th.o oonplexlty of the sltuatloa artrEeE

ln the present erperfeeats, ln the fott of an anomoloue

behavlour of the lead to leail ratton g640/P,899 {of. ffaphs

VfI, VIfl and IX). fheee tro lines have the saße fntttal
level (of. flg. S), andl henoe thelr latlo wouLat uot bê

expectetl to ahåtrgo wltb ten¡reratr¡re {ef. equatlon â). fhe

ratlo d.lght charnge souewhat wLth varlation 1lr the amount of
l-ead ¡rl tbin tbe spark gap, tluê to ohÊrîges ln tbe s*trf aboorp-

ttoa effeots 1n the cooler layer of gaaes whieh Buæounais

the s¡rark. Ilorever, for solutions ßontalElng a oonstant

enount of br¡f fer, the lnteasity of. the lead speatrrm dld

not Tary appreolably, as latlloateal Þy the mall ohangee Ln

tbe tlensity of slhter tleposlt on the photographlc platee

for a ooEstaat €xpo8ure time. Eence, lt 1s r¡Blikely that
the changes in this ratio can be explainetl on the basis of

changes 1n self absorption
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It must be eonel-utleil, therefore, f,rom those

o o&ef-aleratlorxô ¡ Ânal frø the evltieaee of the ocrmplex changes

rhloh oecur la the ¡elatfve conoentratt ms árra energy

tllstrtbutlona of tÞe elonents ln dllfferent portlons of the

$ra¡k {of,. Graphs Tf anil IX), th¿t a oonp1ete er¡rlanatlon

of tbe ohangea protluoed by vartetlæs in the e¡tra¡êoEe

oompoEitloa of the sæple çllL be posslble only rihen iletalled

haowledge 1s avallable of the faotora wbtob vary tb.e Bech-

a¡rlsms irvolved ln the rElease of naterlal fron the eleotrotle,

a¡.d the t¡å¡lsport aBal exeitatlon of the ooastftuent atorls 1n

the Epark gap.



Co¡cluaLoas.
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the foll-owiag gêÞeral ooEoluclons nay be tlrawa

ooBoerntBg the effect8 of extraneor¡s eaterlals or the

relatfve lntensitles of s¡rectral llnoa, untler the ooûillttons

of tbese exlreriüents.

{tl Varlatton ln the extreneoug oomposltlon of a eanple

nay oause obangee ln the ¡elatlve lnteaEltfes of a palr of
speetral l1aes, not only for llnee ôBlttcal by tro dllfferent
elements, but also for llnes emlttêal by the eane eleuent.

(a) These ohanges ln lntenslty retfos are not the

resìrlt of t tcmperature I ohanges withfn the allsoharge, but

may be tlue part]-y to varlati ong tn the atlstrf butf.on of the

load on tbe eleotrodes, partly to vari.atlons 1¡ the mêebanie

responalble for tþe ¡eleage of materlal fron the electrodies,

anê ¡rartly to varlations ln thE Ilhenonena of dllffuslon antl

exottatloû in the illsoharge oollmn.

(g) fbe chaages f¡ the ratfoc wfth variatlon tn th6

extra[eouE oomposltfon ilepen{l on the nature and amoun t of the

spectrosoopLo br¡ffe" u6eil .

(*) fte use of a buffe¡ ôoes not, ta many cases ¡eeult
in a oonstancy of the ¡atlos r[ tb va¡lation ln the e]rtaaaeouo

@@posltton of the aanBle, but dloes ar.tl La tbe reBroaluciblõtty

u¡lder eny ginên aet of ooBalltlons.



41

(ãl fhe effeots of the varfations ls tbe extraneoug

oompgsitlon on the lntenalty ratlos dêpen¿ls on the portfoB

of the soutoe frolc *hloh llgbt ts examlned; l.e. depeadls on

the use or otþGrwlse of a osBalenslng lena. The use of a

conalensi¡rg }ens 1s aeeonpanteal by a tlecreasedl re¡rrotluclblltty

of the latles unaler any gl?6n get of conalltlons.

(0) ¡'or r¡Bbuffereû solr¡tlons the relatlve fntensity of

tbe lon spectrum 63 ¡¡eEne eitrm to the aeutrat atm s¡rectrtm

of eagne€fll[o tlec=eaeee vêry malkedlly with lncreaslng ertra¡t-

eeug a<lalttions, tbe Creater rate of al€oreaae tn the one

corresponüing to a gfeater rate of f.no¡ease iu the other.



Part B.

.4, Dl¡êet Readlng

Pho toelec trle l{1 crophotormeter .

In ooll-aboratlon wf.th

Dr. G. C, I,angstroth, antl

lËr. Tf . If . Bro8n, B.So.
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Intlpduotjþn

Ia quentltatlve speot?ograllhlo analysls, a

mlcrophotomete¡ le an lnstn¡rent useal ts measure the

tranmiesion of a sflver tlepoeit on a phstographlo plate.

In order to ato thls (of. fLg. a) lt6bt fr@ a sourco S

Þ

ls fooussed by means

-4t l-l of a Lens c on theLlI LJ
¡¡ portion of the plate

P at rbl ah tb.e t¡ans-

Elssion fs to be measureal.

P

f1g. a.

fhe tranemltted ltght energy le then measuretl by a suttabJ-e

dlevloe !(, aueh. as a photsyoltatro cell an¿t gatvan@ete!

olroult. fhé ¡atio of the llght ene¡gles t¡ansnltteil whe¿

the sf.lvereal portlen of the plate ls in the beeue, aaà úeu
toloar platet Is ln the beau ls calledt the I transr¡tssf.on I

of the allveretl portlon of the plate.

fhE foll-owlng preceature ls ltr.volvetl 1n the use ôf
a mlcrophotøeter to deternfne the relatlve lntenslty of
two lkes, ùlch ha"e beea recorded 1n a spectrun on a
photographlo plate:

{t), oatlbratlon üark6 are Þut on tho plate {cf . Plate
IfI), cøslstlng of ârr exBoaure dur t¡rg whtoh a sertes of
liootn Lnteneltles of lfght of a wavel ength osüpaÌable ts
the wavelengtha of the lfnes rbose intensity ratio 1s to be

measu¡ed. ft ls aot r¡ecesgary to kaow the abÉol-ute lator.sftlee
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useal to obtain thê eaJ.Íbratlon lcarks, but oBIy thell
relatlve v&Iuea, ea later prooêdure lnvoltes thê taking

of tbe ratio of tws lntenoltLes.

, (11) tbe tralr&1sslona of the aerles of marke are

meaEuredl on the Bfcropboto!ûeter .

{fff) a oallbratloa c'urve for the plate ls preÞaletl

(of . Åppenttlr Y) oossisting of,-:thþ tràrlßlsstoas of the

oallb¡atloEs p].ot tecl on a llnear sealo agatnst ltght
lntensltlee oa a logarltÞmlc eoaLe.

(tv) 1Þe t¡ansnlssi.ons of the two l-1n€s whose iatenelty
¡atlg ls desireê are aeaEur€dl on the !û.lcrophotolleter, and

the oorreapondfng tntengitles are read off the cal-tbrstlon
ourve prêI¡a¡ett la (ili).

(v) t¡e ¡atfo of the tnteagltlea 6f the lfaes is then

oalculated.

frls seotlon of the tbesls desorlbea a dlreot
readiûg photoeLeotrlo Ft arophotsnete¡ whleh has been oon-

Êtrr¡cteê at a relativety low oost. The lnstrrment has thE

adTa¡ltages of speedl snil oonv€E.ienoe of operatfon rlth
mfnimtan fatfgue to the operator. Theoe quall.tleo âte

attalned th¡ough the arrangernen t of the optiaal systen antt

controle, tho tleelgr of the plate eovemerìt, â¡d the methodl

of making the obËervatlons.
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Gene¡ql Dgqtgn.

fhe general featuree of the aloslgn may be seen

f¡om Flate IV aaal ffg. 5. fhe optloel trafú is a Eoalf-

ff-oatlon of tbat ¡leetl 1n most mlorophotometers. It ls so

arraãgeal that the }rhotegrapblc p].ate, tbe obse¡vatÍon sare@

contalaing the Elft whfoh a¿lnl$å lteht to the photooell,

ancl tho gal.yan oeê t er soale are grou¡reil tog€ther, oae aboy€

the othê!, in approxiBately tbe same plane wltb les¡rect to
the oBeratolrs eye. This gtouplag of the parts ¡ihfoh þuEt

be untler oonãtant observatton has beea made rlth a vlew to
mlnlmlzlag the fåtigu6 l¡rherent 1n the oontiauous use of a

Bioropbotcrneter over an apprealable period of tfme. Wfth

the same alm, tb,e varlous coatrols have been grou.pecl la
ootlves.leat posftlono as laêfcatett ln th6 fllustratlons.

lbe galvenometer fs sltuatedl beLor and behiþtt the

fnst¡rmeat. Llght flon Lts mlrror ls foauEsed on a grormdl

glass soale set lnto the top of an ino}.lned ûrawing boa¡d anal

ootttiguous wlth a 9 Þy L0 f¡.eb glasE ¡rtate a]oo eet lnto the

boa¡il. A Eheet of sæl-].ogarl.tbnlc graÞh Þaper pJ.aoeil on

the plate rlth the llnear soale lyltlg along th€ galvenoueter

soale Le lllrulnatett from the baok with rett lteht. Ihfs
arrang€meat provltlee exceltent llLr¡minatioa for observfng
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Iley to Syabo).s usedt ln figs. 9. antl 4.
g. ÅutoBobile lamp.

I,. ådJuotable gIlt anal ]-ens ualt.
À. Aurtllary leas.

C. 0ondeaslag obJectlvo.

F. Foouseing obJeottve.

F. Ref}eotlag ptlm.
B. Obeervatlon Ee¡eea witb alit, mounteil oa

photocell hou6lng.

l¡1. gbee¡vatLon elrrør .
H. Gelva¡ometer soale.

Y. Vol-fueter senneotetl aoross S.

f. Ftna mloromete! adJustueut fo! horizontal

Irlate Botl@.

K. Raok aadl ¡rfilloa ealJuêhêtlt fo¡ vertloal
plate Botion.

G. ¡Éloroeeter aaljusfu€at for C.

8. Hleroneter atlJuõhettt for F.

Ð. Leve¡ adJustnent for À.

O. ÅtlJusüeb.t for cerles resf Etåneo ln
galvanoneter elrcult.

E. ÅilJustaent for læp our¡eat.

ftre ailJusfuer¡ts fsr crgas anð vertlea1 toy@enta of the

oÞttoal parts arê Dst 1êtt6!etl .
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thê gtapb ooortllsates, anal mlnlmlzes the sn or¡¡t of soatteredt

ltgbt ta tbe mlorophotometer roæ. A¡ 1111 appear later,
ttete¡nlnatloa of relatlve Lntengltfes i5 possible rltbout
reatllng off ntse¡loa1 val¡res for the galvanometer aleflectlons

â¡xat oat auLattBg the tra¡r@.f aslo¡t value for eaob speetra].

llne.
fbe ¡rlate bolalec 1s of Euffl.of.ent stze to ¡rerrit

the iavestlgatlon of all Þslts of a otan<laral 4 Þy IO inoh
plate wlthout reedJustueat lB the holtler. ft ls mouÌrteal oa

frlctl@ beårlngs rhlob faotlltate rap!.<l rough aalJustuêEt

lengtbwl se, eombt¡eê rtth a mlDroÞeter aaljuEbent for
aeourate Fettlag oa tb.e tlesl¡edl speotral llne. trrrfther

detalls are glyê¡! late¡.

the Iou¡tl¡g.

ALl parts of tbe optlcal sy8t€n tnoludlng the
photoosll a¡e mou¡tedl on a frar"erork of 51116 lncb bol16r
plate. lbrêe lnob obannel Lroa anal 1å lneb angle trona

sorereil respeotlTêly to tbe base andl sf.cte plates eaaure

the ¡eeegealy tfglaltty. lhe angle fron crtendllng acroea

tbo top ef the fræe sork 1e relafo¡c€{l rl{r¡x ].å fnch pl}ro.

fho f¡me¡s¡k fE aeourely fasteaed to a oabiaet of lt
lnoh napJ.e.



Íhe 0PtlcêL Syqten.

lhe tlgbt aorEce conslsts of a 6 volt 58 o.p.

automgÞlle Ìøp operatetl from a etorage battoly. i['he

eurren t th¡sugþ lt fs aaat¡ollêal by a I oËn rob¡rlter

Tarlable resistance¡ the lrotentla]- drop aoross Lt f.s la-
atiGated by tbe voltaeter v {fie. S.). fbe leÞ houslng

Eerrl.eõ a alit beblnrt rhloh fs fl¡etl an f t5.6, g.5 om. fooaL

lengtb. lens. Íhlg unlt Ls ailJusteð to fola aa fûage of tþe

lan¡r f1}am.eût approxinately in tbe p]-ano of the eontÌenslag

obJeetlve. fhe ooarleng lag obJeottve fo¡ns an lmage of tbe

¡llt on tbe eeulgloD. of the photographic plate, realob in
tqrn Ls foousaetl by the foouaslag obJootlye on a vhlte
soroen GoBtalntEg an adtJustable photooell Elit. lñag¡tfto-

atlons of O.1 aaal l0 resBeotfvely a!ê uEô41. Both obJeetlveE

are aehsonatg of 16 @. equlval-eat fooal leagtb anal 0.25

nreorical' aperturê. lbe photomoter beam 1E all:reoteal to the

obse?vatfsn loree! by a flxe<l reflectfng pri €mû üountedl about

5 o,n. behfnal the foouselng ob Jeotlve . lte fmage on tbe

qs¡e6¡ may be ocnveniêtrtly oboerveil by the oBerator ln the

plape mfrro:r l[.
lllcroneter eo?eça are provlêedl fo¡ the axta!.

adtjusfueßt of tbe obJeotfves. Eaoh optleal part, nlth the

eroe¡rtlon of the fcoussing obJeotfve r¡ait bas orosa .nd
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vortfoâl mov6lr€nta, allal the ob8ê¡vatlon soreen has oros8

aÈtl rotetf. oDaÌ mov6u'6nts. å,<lJushent of the refLeetlttg
prts@ 1s Dêita Þy mea¡s of thrêe grub screra. Âll oonttol.e

hav6 Þeên Þlao€A ¡lth a vleE to a,atllo@ eoDveni€nec lÞ
operatio¡l.

ln auxt tta¡y leas À ls lr!6vtdeal. It Ðay þe

súuag l!'t6 the lrhotceeter beåm by EeaBs of the Ì€ver sÞ.ora

ln the ilLuetratfca. f t peæ1ts observation of an aXrÞreoiabL€

lange of thê Elreotrrr oa tbe aoreen, and lB usêdt in the

uaus.I nanEer te oÞtain orltiea]. foous for the obJeetive F.

ft6 Pbotee6l_1 Clr'oult.

{ IÍoston PhotroElc oet.l lE useal aa a aleteotlng

uBlt. It 1s oønaoteal la aerlea wl ü¡ a AOO0 obû varlable
r6sl.Etanoe aBal a Laeals aadl Âiorthru¡r gal.vaaøetet ( EeDsttlvity
SxlO-9 an¡rs./m., perloil 8.6 aeeonds). tbaler erdtaery
oontlltf.Eas th€ cbang€s uaile Ln tb€ ôlteult reslstanee ilnrfag
op€ration a¡ê s'gt sËffioleatly gr€at to afeteotaÞty affeat
th6 orittoal dlamBlng of tbe lnEtrtueat.



&e aetal plate holðer xùloh aooomodates a 4 by

lO i:rob plate ls fltt€al ln rays attaehetl to a larger reot-

angular frsnô. Yertlcal plato motlon ls aoooupllsbett by

ucans of a raok and plal.on at eaoh slale of the plate holåe!.

Ibe fr@'e 1s hr¡Ég fron tbe upper bearillg iiodl f (fle. 5.) þy

means of rlêht a¡l€is bronse bearln6s, and ls helê agalnet

t¡rc outer curfaeo of the lowêr rodl by frfotlsa bGarr.Bgs

(f,tg. ¿a.1. Ibe lgwer roal reay ba mov€dl endwl ec Þy means of

a ELcr@etêr sorew operatedl by a three lsoh çheel E (flg. 4b.).
Thla arrang€nen t allows rapl.il nanr¡àl tov@6ût of tbe ptate

helêêr eadwise, asô at tbe e@e tl e nakea provtstoa for
fl¡e adJusü¡ent of the !ßotlon by neana of the mloroneter soret.

It 1s ôsçerttal that the €&ulslon of, the pboto¡.

graphfo ¡rlate shoulal ¡r€lcaln 1ß tb6 fooaL ¡rlane of the obleot-

lves over tbe e¡tire lange of the ¡rLate motloa. îhie oøn-

tlltton ras fillfll}ell Þy tbe follonlng prooedlure. (a) tte
boarlng ¡ode of å tnoh soldl rolled eteel Ehaftlng sole eil*

Jueteal acourately peral}eI. (b) flr¡ movable bêårl.ng roil waa

keyed to prevetrt rotatfonal motlon, thus ellnlnatlng tbe

pogslþtltty that soue €ooentrlofty ln the rotl mtgùt thror

the enulslon out of the focal plane af tbo ebJeotlvee.
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( o) me bea:îlngs, artl also the Eurfaoe of the plate holder,

w€re fftt€al Þy trlal, usiag the orltloal fobuE of the

6mu1slon oB th6 observetlgn Eoreon as the orlterlon to be

satLsfieil.

. Íbe Bothoat usett ln ateteralnlirg relatfve lateaEltics
of, opeotral llnee ls a !ûotlfflcatfon of, that prevlousLy

tlesorlbe{tr by Laagstrotþ snal ldoBae.I? Ås prevÍously stateil,
a sheot of geml-legerlthnts graph ¡ra¡rer. ls placed with the

llaeer scale lyl8g aloag tbe .gaLvanoaeter soale. It ls
adJueteê so t¡rat the ooordlnate zero eoinotrles çlth the

galvanæetor Eetro. Ihe relea¡ platet iteflectlon ls atlJusted

to ¡eail 1.0 (10 large soale ttlvislons) by ueans of, the serfeô

leslgtaBo€ {fig. 1.}, ûr tatrotluatlon of a cÞectral ltne
Ir¡tg the phet@êter bean, tbe ilefleotlø ar¡ ¡eaat from tho

soortllnate soale therefote re¡¡pe*ents tbe tranøleslon vaSue

for tbe ltrle. In l¡lottlug the oallb¡attm curvê for thê

Þlate, the ealfbratlsn Barks are introalucefl suoeeoslvely

lnto tbe beaa; a polat ls plotteil opposfÌe oaeb positlo¡
9f tbc galvanotneter spot at the approprtate lnteasity value

on tbe legarltbbfo soale. Oa subsequent lniæoalnotlon of a

l?. L,a¡lgstrgth, e.0., anil So8ae, D.R.; J. opt. Soo. of
lner!.ea, 8434{O.
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sBeotral 11tr6 lato thê be@, tbe rel@tfv€ htensfty ta reaal

off tll¡octLy fr@ the otrrve, ae that value on the logarltbmfo

soale eorre5poûallng to the polnt o¡ the ealJ.bration curve

opposite th€ posltton of th6 galvanometcr sBot on the llaear
scale. &1a prooetlsre obvt.ates tbe reaallng of anrlerlaal

values for tbe galvanøe ter Aefleotlane EEA the ealeutatlon
of tran@lselon ratl.oa.

Reme¡'ke.

Íhe nlorophotoeetêr tlesorlbeal tn thls a¡tlele hae

been ln ooaEtant use for the past slr montbs, auil hag been

fouad to be tiae EaniDg aEA oonvemle¡rt. In eilðltton, the

rletboat of maklag thê observations goes far towartl tås avoldl-

ônco of arftbmetloal mlstakee rhlob sonetfmes oeour çhea

galvaaometar atofleotlona ale recordetl anil t¡a¡misslon values

aalouLateè. &e ltreolslsa of the &eåsuronents le oomparable

rlth that of ethei ilireot readlag lngtrrments i vLz. ffi øax-

tm!¡n error for llnes of eoalêråto dleael ty.
Conatâ¡t uae baa suggosteal tbat the lnet¡reeat

atght be lmproveû at a ¡eaaonable oost by suÞstltutton of, a

shorte¡ perlod gaLvano&€t€r. n¡rthsrôore, ths û.lorometor

tb€el B oontroLllng the ¡rlate Botlo¡r uight be pLaoedt on tbe

Ieft ba¡d 91de of tbe lagtrunent with eone advantage.



Part C.

Au Éxperlmental laveattgatlon

lnts the u6e of
Oollinatêdl Llght Baans

1n $¡re otropho tEBetry.

Ia eollaboratfon vi th

fr. W. T. Brorn, B. So.





Evalu,atf.ng thls lntegral, I,a¡xggtroth obtå.lnê¿l

the relatloûr (a seaoacl approxlaatloa) la

'=;+[+ r te'rrslnul ¡ n,'r] ....(4a]

&e e¡¡abol-s d1 (ê.rr a^!l and. u denote respoottvely the

opttcel denefty arxtl refraotlve lailer of the solutlon, p
repreõsnte tha sXlt-to-1eus. dfstaace, EE the leagtb sf the

sltt, and f and Bp the fesaL length anat raatlus of. the

eollluatiag leae. 3, dlenoteo the ratllus of Ên opaque tltsc

ceatrally plasedl oa tha colllBatlBg leEs. Equatlon (¿) fs
stupLy the Læbert-Beer IÊw wlth a correcttoar factor. ft
1g the ¡¡agpf tuôe of the obang€E ln thfs oolrêotlon faotor

tlth v¡rlatlon ln tbe eltt-to-lens tlfeta¡rco, tbat ts tlealt
rlth lÊ the preaent reEearch.

The colreotion faotor tlseE not reduoe to unfty
chen the soure6 Ls plaoedl at the ptlnelpaL f,ocu8 of the

lenE {of " equatlon 4a) . Eo!Íevet, oal.eun atloß ehows that
erreû¡ 1¡r e¡tr@€ ca6ee of hlgh absorptfon, Iong sltt aatt

fest lens, the faotor rarely lntrorluces aa crlor sf mo¡e

t,h'aa 6$ ln tbo tn¡e transnl.selon of thE solutlon', by

I8. Lsngõt¡otb, G.0., J. Optloal Soo. ¡!û,, e9!581-586.
1969.



taklag tbe neasu¡eal trenEnissLoe. aE the true vaLue.

So fa¡, oaly tbe oase whea moaoshromatlo l1ght

1s fnvslved has be€a oæslalered. For a ravalength baBtl

of flnlt€ vltlth, the effectlve transmlsElon T ls glven by

the ¡etlo of the trånEnlttetl ðnergy to tùe lneftlent €ne¡rgy,

eaob belng suüñîeil over tbe baad. lbat 1g

î = f,r r¡ l(l)ããnr
çhere É(tl letr)r€aents the ottergy-wqv€len€th tllst¡1þutlon sf
the lnoldent Ugbt. Ove¡ a wavel€ugth raage suoh that

ohangea fn f and n aro sngll, K la tatlepoa(lent of à. Eenoe,

s - 8."-ù l(tr) --Lå.-ð' la]- ...(5)TJrÀì- - n--f,1fiã"T-
Tbe ffrat te¡m of (5) represents the trarxEnlsslon expectetl

on the baels of the !æþert-Beer lar¡ the seoontl te:!B 1s a

relatlvely æaIl oorreoti@ factor lnt¡etluoed by tbe fallure
of the optloaL systen to eollfnate perfeotl-y the llght paas-

lng thlough the abeorptlon 06II .

lhe peraentage ebange ln the tlanølsslon asEoo-

Lated rlth a obange Ap ta the Bouroe-to-lene illstanoe, eüd

a oorr€epsÂdlng obâ¡.gc sf AE tn K ls very nearly

f,, a, e-¿. l{).)
r.OO Aß

å"-ùÉr^¡
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Ðlnee the oorrêEpoBallng expreeslon for moaoehrø.atlc l1gbt 1ø

L00 Ár aå

lt lg aplrare¡t that the ohægee in tranemlssion wl tb p ooour

la the'saBe ra¡r rbether no'¡roohræatla Llgbt or a ravêlength

baË¿ of flDlte slittb f g ueedl .

+eryg-!!*j._
Ihe leaillng feetur€ of the.theory outllned above

1s that the variatÍ@ of the measureô trå¡Enisslon of r.

sglutl oD ç"i th obange ln the sor¡roe- to-lens allstatxo@ ls very

mall, evea. thougb the source-to-lens all staú.ae be va¡feil
f¡sn ore to th¡ee sr four tfnee tba fooal length of the

lens. the laportanoe óf thls leadtlng feature, fr@ the

vlorpolnt of faetrleert deslgn ls snfffclest to rarrant
aE erÞerlûêntal lnvestlgatlgn to ensu¡e th6. t no maJor

faoto¡ has bean overlooketl ln the theory.

lbe lavestfgattoû tlesc¡lbed ln tbe followlng

Bages, lnvolTeal the meaguremetrt of tha trensnlsslsn of a

eertain solutlon, as the Eonroe of l-tgbt (a s11t) ras

moved aray from the roollleatlagr l€trs aûd absorptloa eolIg.
Ibe erperl.mental varlatlon of the translsslon has been

oompared with th6 variatlon e¡¡eoteal fro¡û theory.
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èIrparatus.

lh.e apparat¡¡B is shotr! <llagrasmatioally 1a ftg. 5.

It perBltt€tl aE lnv€stigatloa. of ehanges ln tbe measur€d

tranmteslotr of a seLutlon as the dltstanee between the

I1gtrt souree andl oo]-Llmattng J.ens was varleû.

Ån fma€e of a 5P volt, 100 satt lÈElato frosteal

trmgEt€n lamp {I was folB€al by ¡À6aaõ of a ]-eaê U on a aeleêts.

osatalr.fuÎ.g a sltt S. lt,e llght pasreal th¡ougb a e@Itenaatlng

oell, W or lÍf, and through a retl glass filtet F. I.,lgbt fron
the sllt was receiveil by the coL]-lBating lens L, whoee

apertule çaE llnlterl by a olrcular atlaphtagn D; lt then

paaEeal through aa abso:rptloa oell, C or Cl , â.nal raa ffnally
lncidlent on a barrle! layer photooell- P. The oom¡rensatlng

oell t antl the absorptloa celt 0 aontalneal aqueous ooBper

sulphate Eol,utf on, rblle the coLls lYt anrl C t eontalnoal

dtsttlled rater. Sl-idtng mounts pex.elttedl elther of thê

oompensatlng eelle or elther of the absorptloar eells to be

Lnserted la the ltgbt bearc. lhe eol-Llmating lens, absorptfon

oells and photoo6L1 wer6 þounteal on a slngle base andl coukl

Þe Bove(l as a ualt aloEg the optfc arfs of tlre Eystem. All
other e@pone¡ts of the systeB çere fixerl .

fre lanlr II waa operatetl from a tlouble bank of
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storage batterlea. Åfter a preliBinary rr¡nnlng period,

repeâteat cheoks of tbe photooelt response ove! a balf-hou!

Lntelval 6hoçed ao variations t'hat oou].dl not be attribute{l

to erperlmental e¡ro¡ ln readiug galvanc¡neter deflectlons.

lhe oontlenElng tloub}êt l[ hadl a ].0 s¡a. dlaneter and a 10 ca.

êffeetlve fooal leagth. Thege charaote¡lstles were requlreil

1n o¡tler tbat the Iæp lmage Ehoultl e:rtendl Þeyontl the enttE

of the eltt anil that the dlve¡glag lay btmdle shoultl oom-

pl-etely flll the ool}laating lens at all tlmos. Character-

lstlos of the fllter 3 are glvea in flg. ?. ftre sllt wcs

5.4 sn. long antl 1 m'n. rltle. lhe trPhotronlcÉ selL P sas

oonneotetl to a galvanøeter of sensfttvtty Ê.8lr10*9 arf . per

tEDt ¡ The late¡nal tlelrtbs of tbe compensating anil absorptfon

aell.s rere r€aÞeetively O.89 and 0ó68 on.

Investlgatlona sale earrfe¿l out wfth two tllffe¡ent
lenees, {a) a S sn. f :1.25 1ens, antl {b) a fO oNr.. f !2.5 len.s.

I.ensèe ef htgb llght-gatherlng power were ohosen, slnee

åocordllng to the theoretloal analysls they are a6sociatea

Elth lrore Earkeil ohanges la the trans.lselon yaLue on altering
the sllt-to-lens dlEtance. fo¡ a sfmi:La! r€ason a htgh oo!x-

oontratloD of oopper sulphate vaÊ useal ln tbe absorptlon

ce1L, vlz. t.O M.¡ thls solutlon tranmittedl about 8f of th€
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flLtereti ltght lnoident upon 1t. Íhe ooaoentratlon of the

copper sulphate ln the c@pe¡rsating cell , W, ra8 adl Justerl

eo tbat approxlmateLy equal alefleotlonE ¡6re obtaf^neil ¡rþen

t antl Gr were aubstl.tì¡têil for lr aatl G. lfhls was itone fo¡
i¡e fotiortng reasoûrs 3 (a) tn ordler that both tteflectLons

sboulal b6 sufflefently latge for aocurate readtng; (b) to
gbvl.ate caLibratfon of the pbotocêt1-galvanometer sy8tem

over a f,lale rang6 of lnoleleat lntoaslty; antl (o) lo êaEure

that tbe úav€Ietrgth tlfst¡lbution of the ltght on the photo-

oell renalneê essenttalLy eonstant.

Expe¡imenta]- Prsoeilu¡e .

lbe follorlng prooealure was adopted 1n maklng a

neasureme¡'t. Tbe collfmating lens was f1¡eil at a gfven

dlstance fron the sIlt. The galvanometer tlefleetlon was

Botetl rith oøpensatlng eell Wr andl absorptlon eeLl C fn

the Ught beam. tells E a.Ed Ct wêre tben lnserteal and t¡e
ateflêotlotr Eaa agal-n trot€il. the {lefleaticr¡as w€?e oonvertêd¡

lnto tems of ene¡rgy fnaLtlent on the pbotooelt þy Eeå¡s of
a callbratloa ourve (of. ftg. 6). l&e ratlo of tb.ege

energlss úas propórtlonal- to the tran@lssf on of the oopper

sulphate solutlon. thls proceilute was repeated wlth the
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oolllnattng Lens at varlous df.staaoeo from the s1lt; th€

range oover6a êxtêailetl from one to tbree or fou! ttm6Ê the

foeal J-ength of the lons tof. TableE I to III).
Tbe relation between galvanoneter atefleetlon and

eaergy inoltlênt on the photooell ras aletelßûlaetl for the

wavelengtb þa¿d ueedl t¡r the experlnento çL th a preelsioa

ootrslalerably hlgbel thåB. that attalnetl fn the aotual Beaaur€-

Bents of tran@iEslon. lhe sltt S yas relloveal and the oon-

deaslng dlsublet l[ was replaoett by a IO aE. f !9.5 ].eas, whoae

aperturo wag variedl ln a hown manner, by meâns of ê sêrfeE

of BtoÞs of aoeurately known tllmenstons . fre callbrat lon

eurv6 1a shoÌvn In f 19. 6, 1!r a very rettuoett seale.

Ihe varlatLeü of tbe trans!01ssloll of the ftlter
F vfth wave]-ength was tletenntBeal erl,erfmentally by the

foLlorlng mêthod. .ån fnoandtesceat lep rae plaoett about

50 om. fron the sllt of a speotroseope equil,tre(t wltb a

varelength ece1e. Llght thlor¡gh the u¡rper half of the

sllt Xraseecl tb¡ougb the fllter, while lhe 1lgbt inte&slty
througb the lower half ras rettr¡o€d by lreans of a rotatlrrg
varlabl-e Eeotor. fhe transmleslon of tbe fltter was <letemined

by aðJusting tbe seotor to a glven traJxffilasion, and th€n

obse¡vlpg vlsually the waveLengtb at rhtoh the llne of
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s€paratlor¡ bet¡yeer the llght which passeat through tbe

sector aad tbe lfght vhfch passetl thtough the fil-ter atis-

âppearêd. lle transnlseton ourve of the fllter appears

ln fig. 7.

8gqÌ¡l!g

Pypleal tresults fo? two Lenses sf dlffe¡e¡rt
foeal lengtb are glyea ln TabLes I anit II . Rosults obtaÍned

she& llght ras perolttedi to pass only througb the perlpheral
portlon of the eoLllmating lens are glven iE Sab1e fJf. Â

1.0 Iü oopper sulphate soJ.utlon and a ellt length of 5.4 orl.

re"e u€ed th¡oughout the experluents.

The vaLues given in the seconil oo].uan of eaoh

table repreEent thê averages of two sets of obeelvatlons.

lbey were obtalneel by nulttplying the atetelmlned ratfos
of the energies laotde¡¡t on the Irhotocell by 0,0p; thls
aorreoteal for the effect of the eonpenoatlag oell, rvhlab

traasltted about âl of tbe tnoi<Ient l"ight. Àccorttf.ngly,

th€ absolute valuee of tbe translsslo¡ are approxinate,
but the relative valuea are gooal to bett¡¡ than 0.4$.
lho thlrd coh¡ø¡r of each tabl-e glves the peloentage change

ln t!.e t¡ansolsslon.
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Caleulatetl valuea for thê ?ercentage ohange ln
tratl&las1on ars given ln tbe fêulth o o1ü!ûÌ. of eaeh table.

Theae l¡rvolve th€ evaluation of equati.on {0) tor the oon-

d.itlons of tbe eãperinents. Á¡ effectlve val,ue fo¡

4 "-d^ É{^) wae aleterßinetl by suomlng graphtcaS-Iy over

the range 6000 to ô800 8, the product of the orillEates of
the gurveg for lam¡r €ü1sslon, ftltet t¡ansElssion, photo-

cell reoBoase, antl oopper sulphate tlansrlolsslon {of. ftg.
Tl . In a eimlle¡ ray, a value fo¡ Z^ a. e-d" 61),¡ nag

obtalnetl froa the curves mentiæetl aboye, togetbel wtth

the optloal- ttensity ou¡ve for the oopper sulphate solutLon.

the expected peroeatage changes f.n tranmlsslon of the

oopper salphate solutlo¡ ¡re¡e then eal"euLated frobr 6xpress-

fon {6), uslng egeatlon (4a) to evaluate AE. llhese changes

are about 6}fo ot the ehanges expectetl for monoohromatfe

ltgbt t¡aagnltted through a so]-utlon of equlvaLênt optical
denalty.
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TqbLe I.
Focal lengtb of l-ens, L0 cm.; apertule 5.e orn.

I Distsaee from,elit to lens
Þ' sn.

Observedl
trsn@lsgLort,

T

Percentage obatrge

Observetl Calouletedl

l0.o
18.C
14.0
16.O
IA.O
¿o.o
2?."O
84.O
a6.0
88.O
so.0

0.0L992
0.01998
o.02000
0.02000
0.0¿000
0.0e000
0.0Êo08
0.o¿000
0,08000
0.0r998
0.0L99e

-0.4
-0.1
0.0
0.0
0.o
0.0

lo.L
o.0
0.o

-0.1
-O.l

-0.5
.0 .1
0,0
0.0
0.o
0.0
0.o
0.0
0.0

-0.1
-0.1



TeÞle Il.
Fooal length of lens, 5.0 cn.; apertu¡e, 5.4 Gm.

ûlstanee f,ron.sllt to leng
P¡ OtrI'

Feroetltage ohange
transni ssi oû

5.O
taÊ
6.O
6.5
7.0
v,6
8.0
4.5
9.O
9.5

10.o
10.5
IL.0
ll .5
1Ê.0
la.5
15.0
1.6.5
14.O
14.5
t5.o
15.5
1ê.0
1?.O
TE.O
19.0
Ê0.0

-0.4
-0.4
-0.8
-0 .l
0.0
o.0
0.o
0.0
0.0
o.0
0.0
0.0
0.0
0.t

-0.L
-0.1
-0. ?
-0. I
-0.?
-0. g
-0.5
-o.5
-0.4
-0.4
-0.5
-0.5
-0.6

Cbsêrveô
tranæigelon

T

o.0¿018
0.oaotr4
o.oeoeo
0.o¿9e4
o.08016
0.0a0a4
0.0Ê0a4
0.0801-8
0.o80A0
0.0301¿
0.09016
0.oeoå4
0.080A4
0.oa020
0.0a016
0;080L6
0.0a014
o.oao¿g
0.o¿ea6
0.oeoÊo
0.08018
o.oe018
0.0ase2
0.080P0
0.02016
0.090t6
0.08014

-0.5
-0.4
-0.1"
lo.t
-0.S
l0.r
lo.L
-O.2
-0.L
-0.5
-0.5
lo,L
lo.L
-0.1
-o.5
-0.9
-Q.4
lo.s
lo.z
-0.1
-0. B
-0.8
0.0

-0.I
-0.5
-0.5
-0.4
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raÞle Ifi.
3ooal length of lens, 5.0 on.; apelture 5.2 om. ¡cenÈral oBêque stop of Ê.4 en. diæeter.

Dlstarce from
sLlt to Lems

Þr oE.

5.0
6¡i

6.O
6.5
v.a
7.5
8.O
8.5
9.0
ôt

L0.o
10.5
1r.0
ll¡5
1A.0
rs.0
14.0
18.0
16.0
1?.O
19.0
20.o

Peroentage ohartge
Ln trangnissLon

-0 .8
-0.6
-0.6
-0.6
-0.a
0.0

-0.1
0.0

10.1
-0.1
lo.s
-0.4
-0.6
-I.0
-0 .6
-0.9
-L.a
-1 .3
-1.0
-1.ã
-I.6
-1.5

-1.0
-0. 6
-o.2
-0. r
0.0
0.0
0.0
0.0

-0.L
-0.1
-0. å;0. g
é0. 5
-0.4
-0.5
-0.6
-0.?
-0.9
-1.o
-1.1
-I.3
-1-.4

Obse¡ved
tra¡x@l ssl on

f

o.08008
0.08000
0.02000
0.08000
0.0a008
0 .0801A
0.0a010
0.0¿01e
0.0a0I4
0.02010
0.0¿018
0.0e004
0.0a000
0.01992
0.08000
0.0L994
0.oL988
0.01988
0.0199¿
0.01988
0.o1980
0.0L986
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ÐlsoEsslo4 and Conoluslon.

flre ilata of Íables I and II show that tbe sbserved

trâ¡letsslon of tbe aolutlcn va¡letl by lecs than tbe erpe!-
lmental error of Eeasulereent þ.4fi1 , even tbougb the lene-to

-êouroê iltstenae wae lnorease¿t f!o!0 one to three sr fou¡
tlaes the foeal tength of the lens. The data of TabÌê TII
edxlbtt a <letectable varlatlon ln the tranmlÊslon; tb,e

tread 1r fn the allreatloa expectedl froa th6o!Êtfoa1 eonsldler-

attsnE. ühf.le a¡ aeourate oheck of lndlivittual oaloulaterl

velues haE not been praatioal beoauEe of the higb precfslon

of neagutement lnvolveil, the alata furEi sb stro¡g suppolt

for the ehlef pretllotlon of tbe theory, viz., that wltb tb6

optloal sygtee' desorlbed, the sâurce of ltgbt may be plaeeil

at a eoaeiderable allEtaao€ fion thê prlnoipal foous of the

oollleatlag }ene vf. thout lnt¡oàuolag serlous êrlors ln
detennlneil tralû@laEton values.
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S@4b

lhe autho! visbeo to erpr€ss hlE app!€clatLon for
tbe aesfsta¡xoe rhl€b has Batle posslble the earrylng out of

the erlr€rimental- wo¡rk eleecriÞeå ln thls tbes¿s, to the

follorfag lnstl.tutl@'e antl tadlviduals:
to the Physlos Deparfuent of tb.e tlnlversfty of Manltoba

who gra¡lteat th6 uae of apparatuË anal other faolllttes.
to tbe lìIatfonal Resea¡oþ oor¡üctl of Canatla, who gaye

finanolal aeølstanoe, in the forn of a $e6O Buraary.

to Dr. G. O. Langstroth of the Depardrent of Pbysios of

the Uaiversity of iÁæltobê, who suggested the probleu an<l

supervlseil the æ¡k.
to Dr. M. W. .Iobns ef B¡anatoB College, to l{r. R. Bfrdt

of the unlverolty l[orkshop, anil to ¡fr. R. M. Slth, who

aiileil ln the Gonsttnctlon of the eferophotoneter.



Àppenatlx I.

Early älstory of
SBec troscoÞy.



The foundatlon s of Eoalern epeotroscopy sere lafd 'J

about 1859 by Bur BÊn an<l Klrohoff. Íbelr work sndl that of '

subsequent lnvestlgato¡s showeô that th6 llne spectra, such

eo flrgt observed by Kersohel ln 18e2, we¡e iletEmlaed by

the materlalE tn tbe source. Detallecl studlles of the llght
elsttteal by alf.ffereEt elemente foLloned. fhe spectral Ltnes

e¡nlttetl by the elemcsats were llnkedt wlth the tla¡k llnes
for¡E<l by F¡aunbofer la the speotrum of sunlight. Fouoaul t,
1n 1-849 observeil slmllar ûark lines, whe! tight from aÍr aro

was passetl thro¡¡gh a flame eontalnlng soilire yapor. Sub-

sequently, Klrehoff publlshed his abaorBtlotr larqs exp}aintng

tbe ¡rhenøenon.

Ål.ong wlth the stualles of the eharaoterlstdtapectra

of the êleüûents, rork ha8 proooetleil on the meaclrremeat of

wave}ength, an¿l on the e¡tenslo¡t of the range of wavelengths

stualled to the ultra vlolet antl 1¡lra reil reglons of tbe

speotrun. fhe etuily of oharaoterlstlo apeotra baa been aitlecl

by lmproveneate la prlø fnstruments, anil ÈE the lntrocluetloa
of laxge gratlngs rbteb arê oapable of yê¡y bigh ¿llspetslon.

Ilre ebsolute measurement of wa?elengtb, begun Þy Fraunbofer,

was lmprov€{t by Rowlanal wltb Þetter dllffraotton gratlngs, stoat

bas lately Þeea oarileð to htgb Xrreci8ton by the uEe of tbe

lnterferonetrle nethods of Fabry a¡¡tl Perot andt of Mloheleo¡.
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Àtteepts to detluoe soße relstlon betweea the

speotral Llnes of an elenent wele net suocessful, uatll
Balmor as a resul.t of hls stuttiea of tbe hyaþog€û atoa

speotrw was able to express the waveLengths of tb.e alne
knora hyilrogen lf.nes Þy mea¡s of a serleg ¡olatlon.
BaLue¡ | s forrula was generallsetl by Rydtberg, ¡rho se fornula
agreos falrly well rlth tbe erperfmental ¡esulto, mall
eyetematlo .erro¡s belng preeent, however.

The flret eucoessful expLanation of opeotral aerf€s

of a theoretioal nature vas pr¡t folwa¡tt by Boh¡. Boh¡rs

theory was baEetl oE thô atom propose<l by Butherford, oonslst-
fng of, a positlvely oÞargedt nuoleua oonprislng almoet tb.ê

rhole mags of the at@, åaal å nl@ber latenle ur¡nber of the

atsn) of electrons rvhleh novett 1a clrcular o¡bits around the

nucleua. lbe poseible orbj.te we¡e iletermln€cl by the oon-

dltlon tbat the /uoeuL.t ro*liir,*i of the electron be an

lntegral. nultiple ot h,/ Ztr. Ihe aton 6&lts or absorbs en6rgy

rheBeve¡ an eleet¡on rJrmpst ftrom an outer orblt to an fnnel ,
or vlc6' vêrsa. fhls theory ras moallfioal by õE@erfeld, who

assumeal that el}lptlo orblts nere poseibl-e. Â further moati-

floatlon eame with the aseu¡ttrrtisn that the electron Båy hayê

a |spln| gbout tts sentle of glavlty. fhese theories Leaal

allreatly to tbe veetor model of the atom {cf. Åppenillr fI).
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fþe fatl-ure of cÌasslcal meebenlos 1n the treatment

of atcrnto pheüxo!ûena is enlaiencett by the 1nab1L1ty of the

Bohr theory antl lte moêlfleations to atrIow of the prettiatlon

of th6 enerslea required to remove an elect¡on t"ïT ff:j,::".L_.
hellrn or from other more oomB].toateal atong or lonsd\ Of the

later theorieo replaaitrg that of Bohr, Helsenbergrs &atrix
lleobantoe wag the flret to e¡lpea:e. Thls th eory ras tleveloped

fi¡rther by the work of Bortr, Jordâ¡ anil Dlraa. Shortly after,
wave-meehanlcs, lnv€ùßted origfEally by aleBroglle to teeat

the pheaomenon of the nave-Ilke propertl.es exhibtteê by

electrons, úas aX)pllêal by Sobrödlnger to othe¡ materl.a]-

Ila¡tle].eg. IÉatrlx mêehanlca anil wave meeheriLos have been

shour to be equlvaleRt, anil both pe:mlt the caLoulatloo of
values for tbe energy Ievels, thor¡gh the eal.oulatlon ls
s@erhat abst¡uee anil Laborious.



.åppenallx IX.

Speotroeaopi c Nonenclature .
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lhe folLowiag preseats a s cbeme whloh peralts a

stmp}-e qualitative alescrlptlon of the at@ic energy states.
In Boh¡rs theory of the et@, alisorete ê¿elgy nalues eate¡etl
( of . Âppenttlr I) whtob cnn be etatetl ln tems of Íntegral
eultlpLes of ån angular momentuü." &ese lategers are oalledl

quaafi¡e ntm.be¡e. Furthe¡ quantum aumbers ariEe ln the ex-

teaEloa of Bohr r e theory to faclude €IIf ptlo orblts antl

eleetlon spln. Slace these quantrn ¡nm.bers have vècto¡lal
propertlee, tbiE nethoal of alesarlÞing the energy states ls
te¡tetl the rvsotor moaiel t . Is the oase of atoms bavlng a

large armber of ert¡a-Êuolear eleottons, . the lnne¡ eleotrens

fom r oompletetl Ehellg I antl may usualLy be regar¿leit as nerely
sblelding the nuoleug¡ oaly the aotlons of tbe outem¡ost

roptlot or yalenoe electrons rleetl be oonsldlereal.

À ltst of the qna¡rtr8 ntmbers uEeal, Þnd thetr slg-
nifloa¡oe fo]-].oûs:

I. the pllaoipl-e quantum nmber, u, f.s associateal ûlth the

areragê allstanoe of tbe eleetron fron the Ruc1eus. n takes

vatrneg L, A, g, ..,
2. the azimuthal qua¡dtìe nrmber, 4 fn the oase of an

eLlfptloal orbtt {the nucleus oeeupLes stre fooal polnt of

the elLlpse¡ , lf the average raalial lroEreEtlar of the eleotroa

be nulttplteð by the total aBount by wbtcb. the raallr¡Ê ehangeg



tturlng o&e translt of tbe olblt {addfÞg both lncreaee antl

deerease), a gua¡ttity f.s obtalnedl whloh is set equal to

or b. u, ts aall-eð the råal1al quantum nrmber antl takeE

valueE o, I, 2, ... thea, tbe tll,1]¿n"*tum numbe¡ of tbe

orbit, n - l-2 I Ll I nr, Eher61'l"i'J oà}l"a the azimutbal

quanttn nrmober, anil takes vaLue e O, I, ¿, ... -4 is aLways

less than n, horevet.

5. thè spin quant@ nunber, s. lbe spfn n@entum ls rÉltten
at^/ ?1-, where s - { &, acoorallng as tbe slrll1 Eome|3.tum vector

1s þa¡allel or a¡tl.paratlel,i to tho veetor,4 repreøentlng tÞe- +1,?,+ 
t!-.Á,,p¿ lv;.)¿î

angf,¡lar modemtr.¡m "of the e}eotron la lte orblt.
4. the total aDgular momentr& of an atoB nfth oDe oÞtfoal-

êteot¡on {e.e. h},.itr ogen, alka}l metale) ls givsn by j, rihe¡e

J=lls
5. the total agimutbaÌ quantum nr¡mber of an aton rlth two

optioal el,eot¡oas la L, where 
" = !, / !-r, tne guantltleE

b61ng aaldeaÌ veotorlaLly.

6. tbe total Êpln guantum ntnrber of an atoe rltb two optloal
electrons ls S, wbere S = s, I ar.
?¡ the total aagular momentun of an atoe rith two optloal
eleotrong is J, where J E L I S. thle type of ooupl-lng fs
satLed Bussel. a¡il Sauntle¡s ooupllng, or sinply L-g aoì¡pLfng.
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I . Seleotion Þr¿$olpLês . llre followi.ng rules, deter-elaedt

eepirieaÌly pernit the Bleillettoa of the tre¡sltlo&s whloh

oan takê p].aoe Entl of transitlons whloh arê. ünÌlkely to take

plaoe. lbey are uot absotutely rlgorous, aadl exoeptlons to
tÍbem bave been sbservedl.

(r) tne ehånge rn r, ts lr. t'l ' ' ¿/"¡i¿ ' ':'t i
¡?

{r1) s aloes lot ehange.

(trr) tne ohange ln J ls o o¡ lr.
9. Ðestgaatt.on of te¡Be. A partlcular eae¡gy level ls ile-

notetl by aa ergreselon of tho te¡¡¡. ll&,- , rbere !Å iE aE
J

lnteger alep€ndttag on S (I{ 1g not neoeesariJ.y equat- to S) ;

ü dle|xotes the uulttpllcity of the }evel, 1.e. slnglot,
tloublet, etc.¡ L le S, P, D, or F aooo}alllg aB L is O, 1, I,
or 5, (tÞe lette¡s S, P, D, a¡¡il F refer rospeotLvely to tb.e

ft.arp, Prlnofple, Diffu.se, antl Funilemental- Serfes) ¡ ð Ls a

nrnber.

10. Ðesigaatlon of trsnsltlone. A. trân8ltl.æ ls dlenotedt Þy

an erÞreasLon of tù.€ fscn UtEtLr 4¡nEran , rbere the t

vatuea refer to the firar t"t"r ulttn" "r"lito", anat the ',

valuea to the laitlal level. Note that the ohanges fn tJre

quantltleo are llnfteil by the selectlon rulee given above

l¡ {s).



Àppenillr III.

Notes ea ffEtle¡a lô€tþoals

ef, Quaatl.tatlve
Spêotrogralrhta .å¡¡alysls.
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"rgparall9lr 
gf qqqpleq_!

lte fl¡st step ln the prooedure ig the pr€Xralatlon

of the Eauples. The procetlure tlepenits to s€æae extent on the

type of naterlal to be aralysetl, the ssuro€ to be useal, anal

tbo preot.slon requtpeal. Sanp1e s of oandluottng materlals may

be. uEetl as the eteotrodeE of a spark or aro. Ii[oß-corduGting

materials may b€ plâeeal ln a oavlty ln a¡r a¡o electroêe¡ or

they nay be dlsso1v6tl, by cheuleal treaünont f.f neoesaary,

aûô so obtainEil ln the fo¡¡r of a soilutton. fbe amalysls of
sol-utt a'as presents a nwber of, aL ternatlvee: a deftnlte
sßouat of the soh¡tton may be ÞLaoed on tho preparetl electrode

of a sparhlg ¡ the spa¡klag may tak€ plaas between two JetÊ of
P0-2Ithe Eolution ; orr the solution bay be sprayed lnto a fla¡ae- .

0f th6Eê, the 1ast tvo metbodls are llmltod to oaaes wha¡e a

¡elatlvely large amonn t of Eatêrtal ls evallabl-e, anrl tbe

laEt methsil llnlts the soope of the glrtal-ygls to elæentg

capable of belng ereiteal ln a flame.

19. ücBae, D.R., LaßgEtroth, e.0., anat Fostêr, J.S., Þros.
8oy. Soo. A, 165:465-4?5. 1958.

80. Duffeailack, 0.S. aa'il Thmson, KiB., Proe. .Am. Sso.
Teetlng Materiatrsr 56:901. 1986.

81. Luadegålilh, 8., La!.tbruke, fiogekol. ¡nn., 5149. 1936.
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Sxclt{Eloa gll lqspþs.

the most oo¡tlroa gouroea usetl Ln Epeotrosaopio

rrork a:|e el€otrloal- disoharges. Flames have been used, but
are not eatlsfaeto¡y, slnoe they operate at relatlvely low

teuperaturea, and ln genoral axs Eultablo oaly where the

atond to þÊ fnvestlgato{l are eaoil_y erelteit. .åøong the

types of electrlaal- tlisoharges used are oonalensed antt ua-

contleased a-s apark6, tt-c sparks, hfgh frequenoy óXlarks,

statlonary arcs, rotâting arca ¡Fd laterrupted aros. Sources

whloh operate with a hleb apBl-ted potentlal anil relatlvely
sool. oleotrodles are o]a¡afftetl ln geaeral as eXrarko, vhü.e

souroos whloh operate with oomparatlvefy higb eleotrode

temperatules u$ta1ly at selatively Xow potentlaLs a¡e olass-
ifletl as arcs.

lbe operatlon of s!ù a¡e 1s ohalaoterlgoit by the

fomatlon of a hot spot on tbe oatho¿le, rñleb glves off a

ootr'ious supply of elect¡ong. fbece ale asoeleratoal torarilg
the anotle , antl tb.e 1r aoSllsl ons wtth th6 atøE anil moleeul.es

ln the inte¡-electrodle spaoê ¡alses the ten¡rerature, andl

proal¡¡oes further to¡a to altt la the oarrlage of the itfeoharge.

Ssos o a¡r be ruix at potentfals f?on 60 to epO vol"t6 and temp-

eratureg ln the arc range f¡om' l00O to 6O00oC. Fo¡ most wo¡k
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only a snal1 portlon of the aro ls useil aa a soìrroe, the

arc being foousseal by ne8lrs of a oontlenslng Lene on the sllt
of the lnstrument ueedl to obtaln tllsBerolon. By clfaphragn e

retluoing tbe le¡ngtb of tb"e sì"i t the eon tinuouo speetrle

Beftteil by tbe bot elootrodos oaa be eli¡nlnated anit any

dlesl¡eal ÏlortloB of the aro useil aa a srouroe. ÀIthougb the

aro hêB been euob useal La apectrosooplc analysl s n there ls
aoue tllsagreenent aEoûrg lFrkor o ln the fleld on tbe sGoÌ6 of
ItÊ reproduclùtllty, arnrl o lalas that aro souroea ate more

seneLtlve dre Dot Benerally acoopted. T

Ihé cbaraoterlstlcs of a spark are J.argely depentlent

ou the êLeotrtoaL elloult. í*{olroult used eonrncnly fn
spectroocopfo wo¡k iE the oonðensed f,oru of a-e spark. Thls

fola has been used in the e:rperfmenta tlesorlbeal la Pa¡t .å,,

antl the ctrcult haa been ladlcateil tn ftg. 1. lhe {llscharge

f¡oo Et¡ob a e1roult otdlnaflly has tbree phasêei these eome

about að follows. lhe o ø.denser C (of. f1g. l-) oharges up

te a blgb potentlåtr suoh that the ¡eslstanoe of the alr 1n

the spark gap bleaks tlon¡¡ . fbe dlleoharge bullals up tturlng

the f.gnltlon pbaae, aatl th6û takes a fo:¡a simlLar ts the

glor ilLsckarge oþserv€dl 1n Gelssler tubes. The loae fon¡ed

strlke the oathotle oaualag a sall looal,tsedl thot spot t ,
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whlch fol?s a sou¡e6 of elêotron €r01gs1on. -å't thls stage,

the disoha¡ge obanges froB tbe glow pbaee lnto a fo]m

ope¡atlng at relatively low poteittlal antl slmÍ}ar to that

formtl ln the tl-o aro. fhese tbree types of iltsoharge are

ftg. 8.

preãent fn each haLf oyele,

the resultfng potentlal-tlne
tllstrlbuti@ bolng slmllar to
that indfeateil in f1g. e. The

p€rlotl of suoh a spark ls
ortllnarfLy of the oriler of 10-5

to 10-? seeondla, antl there ale

as a rule betwoen 80 antl 50 oeotLlatlong to every balf-oyoLe

of the input. From an lnspeotlon of êquatlonûÈ, lt can be

aeen that aÐ.' lnereaae 1a the lnaluotanaê t wtl} lengthen tbe

porlod of eaoh. dtscharge, and slnoê the time takea ln the

fgsltton ana glor Bþases fs Bractloally tnilepanitetrt of the

perloil, this s11L ¡esult prlûår1Ly 1n a leagtbeniag of the

aro phase. The lgnftloa phage proiluees strong afr speotra,

wblle the aro phaee p"oduoe¡ str@g epeotra of the eleotrotle

[aterlals, aûtl any matella1E úloh nray be on the eleotroilee.
By varylng the lnduotanoe ln the olrouit, thea, the reLatlve

lmportanoe of lgnltf.on antl glov ¡rhasea over the are phase oan

be deereaEedl o¡ fnoreaaedl, thus enablllg a speotruu to be

obtalned to Beet the requlremeats of the qÞrk in hantt.
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Dl eoerslon-Produciag lne t¡leents .

Tlre dlesertptfoa aadt theory of the Btanttard fnstru-
ments used for Alsperslag tbe light enlttett by the Eouree,

snoh An epeotroeoopeE, âÌtl 6peêtrograX,hE of lrrfm. andl gratlng
ty¡es , are to be formtl in sny stanttartt book on advanoed optl e s .

For tbat reasoa, tbey rfl.I not be dllsausEed here. Horerer,

a brlef tlesoriptlou of the tmetÌir¡mr quartz sBectro8raph useal

ln the erI,erl¡ûenta alesorlbetl ia part ¡. , andl the methoals of
puttfag tbe lnstrleent fato adJustnent are to be found la
Åppentltx IT.

lteaEureneat of the IntenEity of Spectral Llneg.

Photoelêetrlo anê vl EuaI metboals have been useal

f,or the dllreet !ûeaauren€nt of llns intenslty. LfnltatfoBs
are 

-impoaedl 
on Euoh methoalE, hoFeve!, by the 1ow lntensity

of the speotral lines uütler investlgation, by the oonplerity
of the sBeotru&, andl for vl sual trorkr. by the faot thEt the
perslstent llnes of nany eLeuents I1e lE the ultra,violet
reglon of tbe speotrun.

PhotogtaphJ.e plates a¡e la general use for the
recortllng of sBeotra, slaee they suffe¡ fr@ noBe of tbe
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lleitatlo&s aoteal aboye. fhe photo-plato 1s aû lategratlng
tlevlee, aad eonoequeatly speetral }hee of Lov lntensity
merely regufre a longer exlrosuro; the rocolvlng power of a

pboto-?late tõ gooil; lrpeclal plates are now avallable, so

ttrat tbe spectral reeion fron t80O å tn ?OOO I ean ¡e stuatleð.

Â dfsouseion of photograpblc Blates, slth xefereaoè

to the êr¡org thelr uõe nay fntroiluce lato quantftatlve Íork
ls to be fountl i¡ Àppentllr V.

the earllegt Bçthoal of Eeasurlng relative lntenslty
f¡oa a photographlo plate utlllsetl aû optloêI reðge of grey

glass plaoeil befor€ tbe slit of a stfg!ûatfe speotrograph.

Thus a unlfo¡ely grêdeil d€nslty ¡vas obtalned fo! each E1r6ct¡å1

line. Fo¡ t¡ro l.lnee of nearly equal waveLength, the lntenslties
whtoh Juat fall to Broaluoe a sflver deposlt on the photo-plate

rlll be o qual , and the dllffe:renoe bôtween the lengths of the

llaes wllI be a measure sf the relatlve lntenslty of the llaes.
Ibe segh.ess of thiB metþodl lles ln the dtlfflou1ty of ateter-o1n-

lng aoeuratel.y the polEtE of, ze¡o silve¡ deBoelt.

.ånotber ûetboal, Efmllar ln priaclple, ls tbe use of

a logaritl¡n1s seotor. lbe ¡elatlve intenslty lE measurerl ln
tbe eamo way, and euffers frs¡a the eame atlffloultfee.

îhe oomparfson nethotls, enployfag oal-fbration narks

pro<luoed by the ald of a step Eeetor 1!' front of the slf.t sf
a stignatlo s?eot¡ogiraph have been tleso¡lbod tn the Ïatro-
aluotlon tg Part B.



Appenillx IY.

Deecrlptfon" flheory antl AdJustuent

of tÞe

Speotroglapb.
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Dejgttptlon of, lhe qpeqtxqglÊ.ph_:

lhe s¡reotrograph wae bullt 1n thê Unlveralty of
trÍanltoba Workshop. It appearo fn tbe upper rlght of plate

I anit l.E Plate V. ft tE oomparabl-e to tho oosme¡cfal ruerllumr

qualtz EpeetrograXrh ln slze andl perfoma¡ce. Tb.€ optloal
comtr)onenÊs eonslst of tro 60 cm. f :Lp uncorreeted plano-eoa-

ver quartz lenses, a 600 Comu type quartu Frfsr, arrd a sllt
rhose Flalth can be va¡1ed up to 5 nu. wlth a ma¡lmum length
of 1.9 om. &e prlø has faoes 5.0 om. tong snal 4.0 on. htgh.

fhe base of the lngtrr¡meat is maile up of trc pLeoes

of obanneL iron weltledt togethor. Ítre sllt and Ehutter

aEseþbly fB mor¡nted on a tube whleh slldes anal rotates 1ß a

oollar, allorlng longltuillnal and ¡otattoaal. adJusfuente ôf the
gltt. lbo colLar ls oecureLy mounted o¡t an upright attacheil

to the base.

Íbe leneea andl ¡rr1ø are mounteil on a tabLe whloh

ls securely faãteneal to the Þase. Tlre Lenses are mounted ia
supports whfch move LE nayË paralLel to the optlo arfs of
tbe eysten; the prlsß has a ¡otatl onal" noyenènt. The arrange-

sent of tbe optloal traln fs shovn ln Plato Vf.

Îb.e plate holtle! is of standa?d t¡rure, fltted with
dark ollrle , âDtt olrollûe from tþe rear for l.oaalf.ng purposeE.
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ft slides ln vertleaL way6 1n the plate hoLtle" moriatlng,

anil ls eov€al by meane of a rack anal plnfon. fhe plate

boXtter &ou¡ltlng rotetes on a bearlng set Lntê the baee of

tþe speetrograpb, tbus proyfdtng atlJustuent for tJre tlIt
of the platê. In order to correot for the cu¡ved fooal
plane of the sl1t laages fotaing the o¡rectrwa, the Þlste
holtlor ls equlppetl vlth rshlmst agalnst whfch the pbotographlo

plate resta. lbe methotl of deterrnlnlng these ehlms ls
dosorlbed 1n fsll-owlng pegeE .

.4,11 ad Jusütreats a¡e provlôeal wltb soales, anü

sherever atlvisabl-e, they have bêen eqÌrlpped wi th a meåns of

olaeplrxg 1n poeitlon. fhese provistoEE ensule th&t oncê 1n

aclJuetuent, tbe spootrogtapb EllI always be ready fer use,

and lf at aay tlaê obangeo 1r the adljustneut a¡e mads for
aB'y reaaoE, the lnEtrrm€nt catr be reatllly retu¡neal to lts
origL:ral setting.

Lealage of Llght Í.s preventeil by a galvaalsedl

Lron cover rbleh ffto ove¡, the lnstr!¡ment, and le screçed

to the base and uprtgbts at eaoh eE'd, anat aleo by a loathe¡

bðLLors oonnecting the p1 ate holder mormtlng to tbe uprlght

at the oame¡a e¡rtl of the fnetrtmeat. Ä further preeautton

ls taken ln the uae of folt strlpe aror¡atl the etlgee of the

oover. .å,eoessfon to the lens andl prism ass€mbly ls provldtecl

by means of a lltl rrhlch fits lnto tbe oover, rnnetllatoly

above thls aEeonbly.
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Tlreo¡y of thc tQpeqtrqgrq!þ.

In fig; 9å, S rep¡esents the Etlt of the spectro-
graph ândl Q tbe ellt lnage forneal by the lens system coaelst-
lBg of the aollimating lens C antl the câmera leas T. Q' ls
the lmage of the sf,1t fornerl by 6. lbe tllstances at?e aa

lndlcatetl la the figure. Áppl-ytng the si"mple 1ens formu].a

to eaeh of the two lenses, ellmlnatlng qt and solvlng for q,

where f ls the fooaL length of the lenrses.

Sromn ffg. 9b, the tlevlatlon 5 of tlght passing

tbreough a 600 prlø of refraotlve Lnde¡ y for llght of wave-

length À ls glven by

6alrlfo_600
fe aLeo bave fro4 tbe deflnltfon of refraotlve lnalex

l¿ = .E¿g.-u- 13 sin 1l|
gln !r gfn !n

Ellnlaatlng rt, tpÍ an¿ in frsm theEe two equatloas,

s:1'-60oI"r"-1@..t"t

lbe perpenill cuLar dllsta¡.ee of the sLlt lnage fo¡ned

by ltght of raveJ.ength à, from the optie axls of tbe slft-
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eoll-i.roatlr¡g lens eystem 1s glven by it (fig. 9a), where

¿ = {E I åJ) srn¿ ...(e)
Íbe posltion of a spectral llne of glven wavelength 1s nor
oouptetely deternlaedl, sl.noe, haowlag the Ìra1ue of 7r- for a

glvea ravelength À, t, (#*J) Ead tt aan be evaluatect, by

meang ctf the equations ( ?) , (8) antt (9) . .4. value of p ts
taken, suob that the sllt ls at tbe prlncipat focug of the

lens C for a llne of lntennedlfate wavelength À {f ts a

funetlon of ¡z anet henee of À). fÞe angre 1' takeå^"siiäf

that the pri@ ls at mln lu.um ttevlatlon for tbe intetîeillate
waveleagth, vfz.

t' . sin-rf4$ÈE--qg3 Ì .... ..{roa}ü/ær
r 21 | - 600 ... .. .. (1ob)

Íhe positlon of th€ eatlre opeetrrm can ¡row be tleternfned to

a ftrst approrfmation by ovaluatlng 5, {qlå¡) an¿ d for tsû

ext¡ene values of ¡a anil À. (cf. ftg. lge).
fhe spectrogratr,Þ wað bul1t to oenfom to the

dlmerlslsas obtaLned as outllned ln tbe above ¡ the final
adlJuaùnents to corr€ot for the curvêd focel Blane ef tþe

s}lt tmages foming the speotrtM were aaile €mpl¡ioalty, as

desc¡fbedl' beLow.
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Àdjuehe4t e{ jhe Eleetreerep!.

lbe slft lmages forredl by the optlcaL syatem of a

Epectrogråph ortllaarily If.e Ln a cuxved sLrrfaoe. For an

lnstrr¡meEt of tbe size sBal Elreotral range (zlo0 to 6000 Î)
of the spectrogfaph be¡e deserlbed, tb.e effeets of a cu¡veit

foeal pLeae are appreclable. Henee, the glate bsltle¡ must

be fitted wlth rshfEsr againat rhloh the pb.otoglapblo plate

oaJx !est, enEuxlng tbat the Ilaes wtlL Þe 1a gooil foous from

o&e erld of the p].ate ts the other. 5te followlng consfale¡atlons

eateredl lntc the preperation of the shles.

The Har fuann crt terlon for foeus was useal. The

optlce qf the spectrograph ean be consLalered equlva3-en t to

tbose ftitlcatetl 1n flg. 10a, where S represents the sllt, L

tbe lene systen, andl P the sl1t lmago. If now, half of the

le¡s le oovereô rith a dlelrh¡agp D, antl the BJ.ate lÊ at P,

the lmage rl11 be unabanged; 1f, bowev6r, the plate ls at pr

o! F , the Lúaee 111-L only be half as wlde as forlaerly. If
the otbe¡ balf of tbe lens 1E cove¡ecl with Dr, alfffelent
halves of the l8age will be obtaineil at Pt and Ptt. Henoe,

the etate of foouE of the spectrun oaa be determlneat by

taklûg two eÍposures, uslng aelghbortng portloas along tÞe

length of the sL1t {by mee3s of en sceulto!), æd screenlng

off aLternate halves of the léns systen. If a given llne
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le in focus, the two Lnages wlII be {tlrectty ta llne {of.
flg. 10b) i rhlle, lf the Line le trot ln focus, tbe tso

images rriff te altsÞLaeeat one f¡on the other.

lh@ ou¡vê a3-ong wbloh the plate nuet l1e was

ciote¡nlnetl by an exsølnatlo¿ of tb€ change ln the focaL

pofntc of the speet¡al lines, wlth mov€ment of the eemera

lens along tbe optio axis of tbe system¡ 1.e. the chenge

ru (Jlq) with J. ?uttlng {Jlq) = r, dlfferentlattag
equatlou {?} w1th }e6peet to J in ordê} to obtaln ds/dJ,

Ê8d neglectlng tees fn {p-fl 2 sirce {p-f) ls saLl with
respeot to p ancl f, lt a?pears

dtx = dJ .......{rI)
Ilenee, the sgectrrm as a whole moves parallel to the optlc
axls wlth the oamera ]"ens. A¡e arbltrary õÞeataal llae å :[s
ohosen, shlob ls ia goocl fecus at an arbitrsry sêttlDg of
the eamera lens. Erposu¡eE are taken, for a nueber of,

settlngs of the Ganere lens, two exposures belng taken at
eacb settlng, eacb wlth a dtfferent half of the lens syste4

coveretl. From thece plotureÊ, u6lng tbe crlterlon prevfousl.y

ilesoribedl, the dlstaaces alx from the arbltråry polEt of tbe

fooal pol¡xts of a nu¡ober of 118€s over th€ spectral renge

are tleterslnetl. It ie no¡r neceEsary to Ehape the shims so

tbat all these ].taee are la gooal foous oûr thê plate.
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e = tan-rl-_ d" - al'_ _ I .. . {rab)(aitr Cot á tr - dr Oo.t J1
By tbe use of equatlons {1¿a} aad tet), aæd the values of
alx aleter.nl.Decl, the values of y f6r thð corresponallBg liB€s
carl be tletemiaed, and the sbtmE constructeat.

If th,e tllstance b€tween the euulslon of the pboto-

g¡aphio plete aad the poi¿t of good foeus of a ginen ltBe,
be y, measuretl perpendleul,ar to the p}àte, tben, fron flg.
10c,

V Ë rtx oln f = dJ Etn df,-e) ...... (Iaal

where
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Fhotograpblo Plates.
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låanufaoture anat fqeafueat of photsgra pletsg.

Ehe photographlc plate oor¡sfsts of a glaes plate

on vbloh haõ been flowedl a solütlon cot¡talnlag gelatine,

ellver broEltle, anil a ]'lttle allv€r iotlltle. tshls Eo].utlon

ls dlrled, forulng the I enulsloat . 0n exposure to ll€bt,
the ailver bromlde ie affeeteal ln scmo ray, f,orming a rlatent

image'. Whea the plate ls plaoetl 1n a solutloa oontalafng

reduafng agents , tho silver brsnidle ls realuoeil, aåat úetalllo
¡1lver 1e tlepoaitådl. The reilueing ageat must be of sueh a

cbårêoter as oaly to retluoe tbe eilver bromi tle whloh has

been exposetl to light, 1.e. nust bave a rGaluotloa poteatial

whlch lles betreen very lrêrror Ltmtts. fbe tleveloplag age@tg

are therefof,e l.LElteal; the two Bost oor'lllron agernts are hytlro-

qufnone anil elon (uonone thyt para-elno phsaol sulphate);

othêr agenta ueedl are t)yrogalLl o a6ial, gtyoln-para-amtnoph6Êol,

arä dlsmlnoBhe¿ol. 3a aildltlan to e@talning a retlueLng

agent the ttevelo¡rlng Eolutlon must be alkallrê; ee(llum

oa¡bonete f.a atltletl to secure thls. 0E e:rÞoEure of the

solutlon to alr, tbe so¿lltm aarboaate wouldl suffer orlalatlon,

heE.oe, ðoalfi¡n sulphite anil sodllt¡o bylro El¡l?bt te are aildletl to

retardi thls orf datlon. Flaalt y tbe s¡reetl of tlevelolment 1s

cæt¡ollea by the adtlftlon of potassiuo brem"l.tle to the
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developer. åfter tleve].opBent, the ¡rlate is ilmerged Ln a
rfirtngr solutlon oogtaLnlng 'hypo t ( sodiuil. tblosuLphate)

ln a¡ (acetlo) acltl solutlon which arrests ilevelo¡ment at
oaee. Àfter flxing, the }late nay be pLacett 1a a hardôning

bath of ahe or fomal-la solutlcar; the hardenlug produeeit

1n the gelatlae guarito agalnst too.easy oc¡atoblng. FlnaJ_Ly

the plate iE waabedl ln rater to rênovê the chemloalo used

ln the Brevlous processeE. Íbe washlag tB v€ry lmportaEt

1f the 1ûage 1Ê to be pemaaent.

&lnats of photograpÞt c eu¡ulsl úg.

Photographfc êmulEl. ons of må¡xy rarLetlea &r€

avallable:
(f) nfgn speetl emulslons, thet ls enulgfo¡s whfch

requlre only a relatlveLy €ùroÌt erÞo8ure to llght fa oriler
to ptrodluoe the tlesl¡eal latent image. Sueh 6 u1s1sas are

usually ob J6a tlonab].e ou tbe gr ountl of large lgrafnt¡ tbls
oan be eont¡ol}eit sodewhat by tho use of rflne graln t

tleveloper

{11) eo¿trast. Contrast alepenals on tbe lrroportfonatlty
betyeen the inoldent Ligbt anrt the årrnou¡rt of sllve¡ b¡snt de

affeoted.
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(itt) se¡atttvlty. fhe eensittvlty of a ptate ôepencls

oa the Favelength of tbe lncident ligþt. ortboohroeetlo

emulsf.sns are seneitive ln the yellow to g!6en reelon of
the slleotrum. lai¡ohromatie eüculslone are sensftfve up to

?0OO 8. Énu}slens alo preparedt wb.leh are aensltlv€ up to

about 1ÊO0O 8. Fo! I.lght of ravelength Less than about

A0OO E, the getatlne abgorbs very strcargly. Ihf.s dlifflculty
oan be oveFcoRe by tllssolvlng the gelatlne of,f wlth sulphurtre

aoici, or by @oating the plate wltb a fluoreroent materia]..

Íbe fluo¡esoent lfgÞt fron ethyl oarborylfc ester of tllhyitro-

oottlallue useal ir this ray, wlll proiluoe an lnage for fD-

oiêênt lteht dov¡x to 540 8. Íre egter must be tllsEolvetl off
the plate rlth e thyl cbl.orlale before tlevelopment. gohuüslrñ

plates oan be useal, on ïhfob Just enou€b gel.atlae iE useal to

keep tbe cllver br@ide or1 tbe surfaoe¡ theee are nery

rlelloate.

CharaeteristlE or¡¡ve s of a photosaphfc plate.

The er¡rosure E of a photo€papble p]-at€ ls gfven by

E = 3 t .....,(15)
rbe¡e I lE the lnclalent ltght lntenatty aait t 1s the orIrosl¡re

tlme. fbe de¡rslty or tblackeningr of a sllTer dleposit en

a plate ls meaeuled by
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D t: tosro Loli . ......(I4)

Bþêre 1o 1s the llght tntetlsity rhlob faL1E oa th6 siLvêr
aleposl t, asrl l le the transnlttêd fctensfty. flre plot of

ffe. Ile.

D againat 1og E resultg Ln a ourve

þoú¡ aa the ohara.otêElstle curve

of the plate. the fem of the

oharaetcrlatlo curvê ls itralleåted

1n flg. Ila. fre etrIlosure Eo

oor3esÞoûallng to X ls ealleal tbe
r lnertf.a r of thê ptate . Elrposü¡e

ooBalltlenE are geae]'ally ohogeE so that the ¡aage of dtengltleE
produoed oorrespon<l to the st¡alght {1.e. nornal exposure)

paÌt of tbe ou¡ve. The forn of the ourve alelrenils on the

enuLsloa, developing prooêãs, and the rtvelengtÞ of tbe llght
to rhl.oh lt ras erposgal. he slope of the øtralght portlon
1a teroeil the 'oou.trastt, ileuoted by f {f g taa I ). fne
ilepeadleroe @f tr oa the develop.eat tine t eay b6 grl,resseil

by means of, tbe relatlou
r = %o{r - "-kt) .....(rs¡

whereklsaoonstant.
. Ihe spêetl of ctlf,f ereat pl-ates ls ooupared Èy ilneang

of the H. and D. f Eu¡te¡ and Drlfflekl) value glven Þy 54/8"
{ fOTfo ls s@ettmes use€l), or by mean6 of SohelEer speeilo, 1.e.
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the angular openlag 1r å rotatlng ceotor nêoeasaly tE

Broðl¡oe a barely perceDtlble lúage untter atantlaril @ontll tr.ona.

lhe r€so1vlüg Irower of, a ¡r1ate 1s aleternlnetl ag

follows ¡ PsraLle1 ltnes r.rrl-ed on a yhtte abeet are Þhoto-
grapbed. lbe ¡eso!virg po*er sf tbe ¡rlate 1e then egual to

the ma¡lmrn nrruber of Llnes pe¡ @. rhloh oa¡ bE tllstlngulEheal.

(ordtnarlly f,roe 58 to 160) lbe reEslvlng power dopends ,::'

on the coat¡ast, g¡ainlness and turblttf ty of the emulslon.

I"1nês are broader for long exlloaÌrres at htgþ lateaslty, dlue

to the Ecatterlûg of llght by the gelatiao.

Reolproaity law fallu¡e.

-

It ls for¡nil that equatfoo (Ì5) ttoes not hoIA

ateiet3.y. Sohvarzsshlt€lt s tai states f tÞ e oonstant.

HowevGr, p Bay be a functlon of I.

Iat6]mltteney effêct.

in lnteruitteat exposure iloes not 1B genèral

i,roduoe ths saBe blaskeni¡g aE a ooatlnuous exposure, even

thEueþ the totaL.erposurê tlmes be equaL. If tbe frequ€Goy

of ,.nterrulrtl.on ls more than .abolrt ef ghty pêr ssoontl, the

lnte¡nlttenoy effeot vanf she,Ë .



Eberharil elfeot.

fn the tloTeloieent of a plate, reaetlon pro¿luetÊ

wlll aocumulate at the area of greateet re¿etlon, antl tbe

plocess 1E Eloçetl clown at sueh an area. In the case of

fie. IIb.

epeotr.aL ltaes, thfa prodluoos an. effeot
auoh aÉ lntlioateil ln flC. ].1b. the

broken llne represeats tbe fiteal luage

shlle the ecntlnuous I1ne repreoento

the lnage obtalnecl when Eberharil effeot
enters. lhe effeot oan be ellnlnatêtl

by develoBlng for s¡r tlaflnitet tlme, 1.e. rmtlL l approaohes

foo; and oan be ulalmlzed by keeplng the tleveLoper ln oonstant

agltatlon.

Solutlons used to (le lg! Eqqtnan '391 éplelEeEqople ¡lqtes.

Elon-hydloqulnone tray aleveloper. Fomula Ð-61a.

Stook 6o!uti.on.

about LÊ5oFIYat êr ,

ÍLoa

Soatfre sulphlte (deslocateat)

Sotllì¡!û bieulphlte

Fydroquinone

Soillum oa¡bonate {ôesiooated}

Potasslrlm b¡onttle

Coldl rater to make

500.0 oe.

5.1 @.

90.0 gn.

8.1 @.

5.9 g.

1l".5 gts.

1.? @.

1.9 l-iter.
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tror t¡ay deveLopmen t, one part of stoek eolutlon 1s

uEedl to one part of water.

Âoldl haralenlng flxlag bath. Fonoula F-S.

üater, about lgSoF I¿00.0 oo.

Soitl.u!¡ thLosulphete (Aypo) 480.0 gm..

sodttum sul¡,h1.te {deslcoateû} .. . . 50.0 8E.

Âoetic aolcl, å8É pr¡¡e

Bof,le aotal, cry6tals 15.0 gts.

potasciue alu!¡ ¿0.0 gn.

Water to nake ... .. . . a.0 llters
fhe hypo ie dlesolve{t ln the waru water¡ then the

othe¡ chemloaLs a¡€ atldeel ia the o¡iler aamed, illssolvlng

eaoh eompletoly before adliltng the next¡ ffnal1y, oolil

tat6r ls added to make the volu¡ce requlrecl .

fhls bath remalns o1ea.3 ancl flxea oLêån untÍI
exhausteal . Never attqmpt to r€store an exhausteil bath

þy sildlag hj?o. Flates shouLd bs lef,t la tbe flxtng bath

at least tlouble tbe tlme 1t takes them to olear.

fbese forsules çere obtafn€û from tho ltst of
foruulee suBplietl by the 3asfu.cn Kodak Company, Roehester,

N. Y,




