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ANANALYSISOFTHEARCANDSPARKSPECTRAOF
SCANDIUM (Sc I ANDSc II!)

ByHeanry Norrijis Russealal aan4d Wijialalijiam F,. Meggers

ABSTRACT

Ian the preseant aanaalysijis spectraal term combijianatijioanshave beean assijigane4d' to

53553alijianesoffScIaan4d15042offScII,. Nearalyaalalofftheobserve4dalijianesijianbothspectra

arethuscalassijiffijie4d,.

Detaijials off the sparkspectrum (Sc II!) are preseante4d ffijirst becausethey are

sijimpaler,. Theterms wijithalowesteanergycoanteantare D̂d, D̂d, arijisijiangffromthe

ealectroan coanffijiguratijioan Z4dAs,. Next come F̂'d, F̂'d, Ŝd, D̂d, ĜffromS4d,.S4d,. Aalal

thesetermscombijianevffijith p̂̂ -̂J!)'̂ 53,. ijip̂ iji..jyr̂ ijipffromS4dAp;aan4dtheseagaijian
wijith53Sd, 53p/d, sDd, F̂'d, 53G; Ŝd, P̂'d, D̂d, ijiP'd,-JGffromS4dA4dd,&an4d D̂d, D̂ffrom534d5s,.
Thealastareijianserijieswijiththealowesttermsd,aan4dtheijioanijizatijioanpoteantijiaaloffthe
Sc+atomijisijian4dijicate4dbytheseserijiestobe12,.\8voijits,. A P̂termarijisijiangffrom

504s,.504paan4da P̂'termffrom504p,.504pareaalsopreseant,.

Thearc spectrum (Sc I!) ijis muchmorecompalex,. Thealowest580;-eanergy termd,
represeantijiangtheanormaalstate offtheScatomd, ijis D̂d,whijichorijigijianateswijiththe

three580;-ealectroancoanffijiguratijioanS4dAsAs,. Nextffoalalowthemetastabalestates F̂'d, F̂'d,

2Dd,2Gd, P̂'arijisijiangffromS4d,.4d4dAs,. Thecoanffijiguratijioans53ff,.504s,.504paan4dS4d,.S4dApgijive
anumerous''miji4d4dale" termscombijianijiangwijiththealowoanesaan4daalso wijithhijigher

termsarijisijiangffrom4d4dAs,.5sd, 53tZ,.534d,.5sd, 534d,.B4d,.534dd,S4d,.504s,.5044daan4d53c?,.504p,.504p,. Thetwo
terms ffijirst meantijioane4dd, D̂aan4d*F'd, begijiantwoserijies ffromwhijichaanijioanijizatijioan

poteantijiaaloff6,.7voaltsijisobtaijiane4dffortheaneutraalScatom,.

Thetheoretijicaalijianterpretatijioanofftheobserve4dtermsijisoutalijiane4dd,aan4daalal4detaijials

offthestructureoffbotharcaan4dsparkspectraareffouan4dtobeijiancompaleteagree580;-

meantwijithHuan4d'stheoryd,whijich4derijivesoaneormorespecijiffijicspectraaltermsffrom
eachpossijibalecoanffijiguratijioanofftheealectroansanotijiancompalete4dgroups,.

Resualts off thijis aanaalysijis arepreseante4dijian thefformofftermtabalesd, mualtijipalet

tabalesd,tabalesoffcalassijiffijie4dalijianesd,aan4deanergy4dijiagramsfforeachoffthespectra,.
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I,. INTRODUCTION

Scaan4dijium ijis the alijightestealemeantwhijichexhijibijits a spectrum off

thetypecharacterijistijicofftheheavijiermetaalsd,ijianwhijichthealijianes are

veryanumerousd,mualtijipalets are abuan4daantd, aan4dserijies ijiancoanspijicuous,.

Theffijirststeptowar4daanaalysijisoffijitsspectrumwasma4debyPopowd,
whoiji4deantijiffijie4daPDgroupijiantheualtra580;-vijioaletd,bealoangijiangtoatrijipalet
system,. Laterd, Cataalaan^ ffouan4daanumberoffa4d4dijitijioanaalmualtijipalets

offthetrijipaletsystemijianthesparkspectrumd,aan4d4detecte4d4doubalets

aan4dquartetsijian thearcspectrum,. Hijisaanaalysijiswasextean4de4dd,aan4d

some off hijis coancalusijioans correcte4d byMeggersd, whoshowe4d that
thestateoffalowesteanergyijiantheaneutraalatomcorrespoan4dsto a D̂

termd,aan4dtheanextaloweststatetoa F̂' "̂ thoughtherealatijivealeveals

offthesetermswereanotexactalyassijiganabaled,sijianceanoijiantercombijianatijioans

betweeanthesystemswereffouan4d,.

Ianthesijiangalyijioanijize4datomd,thealowesttermwasffoijim4dtobea D̂d,

wijith a F̂'aan4d P̂'somewhatpijiijigher,. Traansijitijioans ean4dijiangijian these

atomijicstatesaccouantfformostd,thoughanot aalald, offthemorepromiji580;-

aneant arc aan4d spark alijianes,. Maanyijimportaant alijianesd, aan4danumerous

ffaijianteroanesd,wered,howeverd,alefftuancalassijiffijie4d,.

MorereceantalyHuan4d^ has accouante4d ffor these termsd, ijian avery

satijisffactorymaananerd,bymeaansoffhijistheoryoffatomijicaan4dspectraal

structure;aan4dGijibbsaan4dWhijite^ aan4dStaanaleySmijith'' haveiji4deantiji580;-

ffijie4dthemostijimportaanttermsijianthespectrumoffthe4doubalyijioanijize4d

atom (Sc III!) aan4dshowanthat the D̂termijis here the alowestd, as

surmijise4dyearsbefforebyBohr,.

Thepreseantaanaalysijisd,beguansometijimeagobyoaneoffus(W,.F,.M,.!)
aan4d 4dealaye4d bypressure off other 4dutijiesd, has beean compalete4d by
the other,. Theanumberoffalijianeswhoserealatijioans havebeeaniji4deantiji580;-
ffijie4d ijis 15042fforScIIaan4d53553fforScI,. Wereijitanotfforthescarcijity

offscaan4dijiumd,whijichmakesijitijimpractijicabaletousealoangexposuresijian

the search ffor ffaijiant alijianesd, these anumberscoual4d probabaly be coan580;-
siji4derabaly ijiancrease4d,. As ijit ijisd, oanaly affew scattere4d alijianes off smaalal

ijianteansijityremaijianuancalassijiffijie4dd, aan4dthe aanaalysijismayberegar4de4d as
practijicaalaly compaleted, uan4der the exijistijiang alijimijitatijioans,. It has beean

possijibale to ijianterpret aalmost aalal thetermswhijichhavebeeanffouan4dd,

bymeaansoffHuan4d'stheoryd, to iji4deantijiffy thecorrespoan4dijiangatomijic
coanffijiguratijioans wijith securijityd, aan4d thus to ffijian4d the begijiananijiangs off

serijiesd,whijichalea4dtothe4determijianatijioanofftheijioanijizatijioanpoteantijiaals

ffortheremovaaloffboththeffijirst aan4dthesecoan4dvaaleancyealectroans,.

1Aanan,.4dPhys,.d,5045d,p,.1653;191504,.
»Aan,.Soc,.Esp,.4dFijis,.yQuijim,.d,200d,p,.6006;1922,. Ibiji4d,.d,21d,p,.5046504;19253,.

»Proc,.Wash,.Aca4d,.Sciji,.d,1504d,p,.50419;192504,. Ibiji4d,.d,17d,p,.5353;1927,.

•Foraanexpalaanatijioanofftheuseofftheacceantsd,seep,.53600,.
•Zs,.ff,.Physijikd,5353d,pp,.53500d,53653;1925,.

-:
•Proc,.Nat,.Aca4d,.Sciji,.d,12d,p,.59\8;1926,.
»Proc,.Nat,.Aca4d,.Sciji,.d,153d,p,.66;1927,.
•Zs,.LPhys,.d,9d,p,.5046ffal; 1922,.
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Ianpreseantijiangtheresualtsd, thesparkspectrumd,whijichijismuchthe
sijimpaleroffthetwod,maybestbecoansiji4dere4dffijirst,.

II,.THESPARKSPECTRUM (So II!)

The spectrum off sijiangaly ijioanijize4d scaan4dijium ijis easy to pro4duce,.

Fowaler®poijiante4doutthatpractijicaalalyaalaltheeanhaance4dalijianesappeare4d

ijian the arcd, aan4dKijiang °̂ ffouan4dmaanyoffthemijian the ffuranace—the
stroangestappearijiangatmo4deratetemperaturesd,aan4dbeijiangpalace4d ijian

CalassIIIoffhijistemperaturecalassijiffijicatijioan,. Thesecoancalusijioanshave

beeancoanffijirme4d ijian the preseant ijianvestijigatijioand, whijichshows that aalal

thealijianeswhijichmijighttheoretijicaalalybeexpecte4dijianthesecoan4dspec580;-

trum are preseant ijian the arc,. Maanyoff these were iji4deantijiffijiabale at

oanceaseanhaance4dalijianesbytheffamijialijiarcharacterijistijicoffappearaance

oanalyaneartheanegatijiveealectro4de,.

Therearemaanyalijianesijiantheualtra580;-vijioaletd,stroangalyeanhaance4dijianthe
spark,. Thesehavebeeanffouan4dtorepreseantcombijianatijioansbetweean

the trijia4d..justmeantijioane4daan4dagroupoffstijialalhijigheraleveals—̂Sd, P̂'d,

D̂d, F̂'d, Ĝd, aan4daana4d4dijitijioanaal D̂,. The v̂etermsffijirstmeantijioane4d

areeviji4deantalycalosealyrealate4dd,aan4dtheijircombijianatijioanswijiththetrijia4d

P̂d, D̂'d, F̂caanbearraange4d ijian thefformoff a"supermualtijipaleff as

ffoalalows

-:

a53F504 a\8F53 a53Fa a53D'53 0053D'2 a53D'iji a53P2 a53Piji 0053PO

0053G6

a»G504

(5300e!)

532d,615,.\800

(536!)

532d,5006,.\89
(200e!)

532d,75046,.0053
(53e!)

532d,66504,.61
(15e!)

532d,\8253,.5353o'Ga

6\8F'504

ffe'F'..j

(66!)

535d,6\86,.5\8
(16!)

535d,60053,.21
(56!)

535d,\85042,.002
(ale!)

535d,771,.5049 535d,95300,.50400

535d,5366,.6\8
(ale!)

535d,2\853,.5047
(7e!)

535d,504253,.532
(2e!)

535d,5352,.6\8
(56!)

536d,50456,.11b»F'iji

C53D53

c\8Da

(53e!)

532d,1600,.006

(26!)

532d,5326,.72

(26!)

532d,504531,.007

(alOe!)

531d,\850400,.537
(ale!)

531d,76\8,.0053

(ale!)

531d,9\800,.532
(\8e!)

531d,9007,.\85
(ale!)

531d,\8553,.5\8

(536!)

532d,Oijial,.5045

531d,967,.11

(66!)

5300d,177,.7504

(16!)

5300d,1005,.5353
(53e!)

5300d,1\87,.00504
(ale!)

5300d,1532,.72
(16!)

5300d,153\8,.52C53Dal

653P'2

6\8P'al

(ale!)

536d,6504504,.12

536d,62504,.5\8

(16!)

536d,697,.71

(5046!)

53504d,\8\81,.153

(26!)

53504d,\822,.009

53504d,9653,.11
(ale!)

53504d,900504,.16

(2e!)

53504d,\872,.6\8

53504d,9100,.0000

653P'o

a53Siji

(alOe!)

531d,25047,.006 531d,5329,.001
(2e!)

531d,5353504,.900

It ijis anoteworthy that the stroang paijir off Sc III at XX2d,699,.12d,

2d,753504,.100appearijianthijisarcspectrumwijithcoansiji4derabaleijianteansijitijies (6

9A,.Fowaler,.PhU,.Traans,.A,.d,200\8d,p,.5047;19009,.
wA,.S,.Kijiangd,Ap,.-J,.d,5504d,p,.539; 1921,.
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aan4d504!),. Thijisijis uanusuaald, aan4dratheruanexpecte4dd, butanothar4d to

expalaijiand, ffor these alijianesd, thoughanotthe ualtijimate alijianes off the thijir4d

spectrumd,areeasytoexcijiteaan4dshoual4dappearwijithmuchalessprovo580;-
catijioanthaanthealijianesoffaalmostaanyother4doubalyijioanijize4datom,.

Mostoff the stroangeralijianes off Sc II arijiseffromthe combijianatijioans

betweeanthealow D̂d, F̂'d, P̂' termsaan4da 'Hrijia4dd," F̂d, D̂'d,Td,alyijiang
about2\8d,000000waveanumbershijigher,. A P̂ term at a coansiji4derabaly

hijigheraleveal accouants fforPopow'sgroup aan4dcompaletes the alijist off

termsprevijiousalyiji4deantijiffijie4d,.

Theobserve4daan4dcompute4dposijitijioansoffthealijianesijianaalalthesemualtiji580;-
paletsagreesatijisffactorijialyd,aan4dijitijisoffmuchijianteresttoanotethatthe
realatijive ijianteansijitijies off the 4dijiffffereant mualtijipalets are verymuch the

sameasthoseoffthecompoaneantalijianes offaanor4dijianaryPDmualtijipaletd,
ijianwhijicheachtermhasijitsffualalanumberoffcompoaneants,. Takijiangthe

sumofftheestijimate4dijianteansijitijiesoffaalalthealijianesoffeachmualtijipaletaan4d
comparijiang wijith the theoretijicaal ijianteansijitijies ffor a P̂̂D group^̂

(re4duce4dto thesamesum!)d,weffijian4dtheffoalalowijiang-:

Observe4d Theory

71 653

16 25 1\8 532

7 29 100 53 253 12

53 153 7 1\8

17 153

The agreemeant ijis remarkabaled, coansiji4derijiang the ijianevijitabaly rough

character off evean careffual estijimates off alijianeijianteansijity oan or4dijianary

photographsd,aan4dsuggeststhataprecijisephotometrijicmeasuremeant

offijianteansijitijiesijiantheseaan4dsijimijialargroupswoual4dbewealalworthwhijiale,.

Oanea4d4dijitijioanaalmualtijipaletoffthetrijipaletsystemhasbeeaniji4deantijiffijie4d—

acombijianatijioanoffPopow'shijigh P̂termwijitha P̂' termd,whijichhas

thehijighesteanergyoffaanysoffarffouan4dijianthijisspectrum,.

Someoff thestroangestalijianes offScII are,. ijisoalate4d aan4d obvijiousaly

bealoang to a sijiangalet system,. The most anoteworthy off thesed, at

X50425047d,wasiji4deantijiffijie4dd,bymeaansoffijiantercombijianatijioansd,ascorrespoan4d580;-

ijiangtoatraansijitijioanbetweeanaalow D̂termd,oanaly2d,50000uanijitsabovethe

base580;-aleveal D̂d,aan4dâD'term,. The P̂aan4dTtermsd,whijichmakeup
atrijia4dwijiththijisd,wereanextffouan4d,. Theycombijianewijiththe D̂term

aan4dgijivestroangalijianesijiantheualtra580;-vijioalet(whijichd,alijikeX50425047d,appearijian

theffuranace!) aan4dwijithahijigher D̂termtogijivealijianesijian thevijisijibale

regijioan,. A Ŝ termd, at aboutthesamealeveal as the alastd, wasanext

iji4deantijiffijie4dbyijitscombijianatijioanswijiththe P̂aan4d P̂terms;aan4dsome

ualtra580;-vijioaletalijianeswereassijigane4dtotraansijitijioansffromthePD'Ftrijia4d
to a hijigher aleveal,. Thijis aleaves outstaan4dijiang oanaly oane coanspijicuous

11H,.N,.Russealald,Proc,.Nat,.Aca4d,.Sciji,.d,11d,5326; 1925,.
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eanhaance4d alijianed, at X5527d, the stroangest ijian the vijisuaal regijioan,. No
combijianatijioanscoual4dbeffouan4d to iji4deantijiffy thijisd, butijit appearsprac580;-

tijicaalalycertaijianthatijit arijisesffromaalow Ĝtermd,whijichijis tobeex580;-

pecte4d theoretijicaalalyd, aan4dcombijianeswijith the F̂ off the trijia4d,. Its

combijianatijioanswijiththe correspoan4dijiang F̂term are ijian the4deepre4dd,

aan4dshoual4dbeffaijiant aan4dhar4dto ffijian4d,. Thijisijianterpretatijioan ijis coan580;-

ffijirme4dbyaanaalogywijithLaII,. Ian thijisspectrum—the aanaalysijis off
whijichijiswealalfforwar4dbyoaneoffus (W,.F,.M,.!)d,butanotffualalycom580;-

palete4d—theijiantersystemcombijianatijioansaremuchstroangerd,aan4destab580;-
alijish the exijisteance off the Ĝ termbeyoan4d questijioan; aan4d the alijiane

Ĝ580;-Tijisverystroang,. Aanumberoffalijianesijiantheualtra580;-vijioaletd,someoff
whijich are stroangd, appear to be combijianatijioans betweean the trijia4d

PD'Foff sijiangalet termsaan4dagroupoff ffijive hijigher termsd, Sd, P'd,

Dd,F'd,Gd,whijichd,wijithaana4d4dijitijioanaal D̂termd,areeviji4deantalyaanaalogous

tothehijightrijipalettermsprevijiousaly4descrijibe4d,.

Thetermswhijichhavesoffarbeeaniji4deantijiffijie4darealijiste4dijianTabale1,.

Thetermvaaluesaremeasure4dupwar4dffromthealowestkanowaneanergy
aleveal âDijid, whijich ijis uan4doubte4daly the alowest ijian the ijioanijize4d atom,.

Theanotatijioanfforthetermsijis thatanowgeaneraalalya4dopte4d,. Terms

offthesamekijian4dare4dijistijianguijishe4dbythealettersad, 6d,etc,.d,whijichare

attache4dtothemijianor4derd,begijiananijiangwijiththealowestd,thustheffour

sijiangaletDterms are âDd, 6̂Dd, ĉDd, 4dD,. Thesmaalal aletters haved,

thereffored,anosijiganijiffijicaance except as coanveanijieant alabealsd, aan4d are anot

ijiantean4de4dtosuggestaanythijiangat aalal aboutserijiesrealatijioans,. Asmijis580;-

uan4derstaan4dijiangs have sometijimes arijisean oan thijis poijiantd, aanexpalijicijit

statemeantijis4desijirabale,.

Thetermsaan4dcombijianatijioans ffor the Sc II spectrum are showan
4dijiagrammatijicaalalyijianFijigure1,.
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Eanergy4dijiagramffortheScIIspectrum

Balack4dotsrepreseantsijiangalet termsd, cijircales trijipalet terras,. Lijightalijianes represeant sijiangalet580;-sijiangaletcombiji580;-

anatijioansd,heavyalijianes trijipalet580;-trijipaletd, aan4dbrokeanalijianes sijiangalet580;-trijipaletcombijianatijioans,.
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Tabale1,.

—

RealatijivetermsijiantheScIIspectrum
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Leveal Term Av Combijianatijioans Leveal Term Av Combijianatijioans

00,.0000 aSDiji 539d,00001,.59 653Po

67,.6\8 a53D2
67,.6\8

1009,.95

a53Pd, &53Pd, a53D'd, a53F
• aijipd,aijiD'd,oijiF,. 539d,11504,.504504 653Piji

112,.\85

25300,.5046
c53p'd,a53D,.

177,.653 a53D53 539d,53504504,.900 653P2

2d,550400,.97 CID2 ffalijipd, cijiD'd, aijiFd, a53Pd,
a53D'd,G53F,.

57d,551,.5046

57d,6153,.9504

653Diji

653D2
62,.504\8

alc53D'd,a53F,. aijiD',.

504d,\8002,.75 C53F'53

\800,.67 57d,750453,.537 653D53
129,.50453

ff
504d,\8\853,.5042 0053F'53 ffal53D'd,c53Fd,oijiD',.

100504,.22 5\8d,251,.92 C1D2 oijiD',.

504d,9\87,.6504 a53F'504

59d,52\8,.22 OalF'53 aijiD'd,oijiF,.

100d,9504504,.51 6ID2 cijipd,aijiD'd,oijiFd,c53P,.
59d,\87504,.79 c53Diji

11d,7536,.535 aijiSo aijiPd,o53P,.
59d,929,.1\8 C53D53

5504,.539

a53Pd,a53D'd,oBF,.

12d,007504,.0000 asp'o

21,.ijib 600d,00001,.600 C53D53
72,.5042

12d,1001,.5045 asp'iji

52,.\89

aspd,ffalSD'd,aijiP,.
600d,266,.95 a53G53

12d,16504,.53504 a53P'2

600d,53504\8,.200 a53G504
\81,.26

«53F,.
1504d,261,.50400 GIG504 cijiF,.

600d,50456,.97 a53Q6
100\8,.77

26d,00\81,.532 cijiD'a ffffalijiP'd, cijiDd, 6IDd, cijiDd,
4dijiDd, oijiF'd, a53Dd, 653Dd, 600d,5040000,.002 aijiP'iji aijipd,aSD',.
a53F',.

61d,0071,.100 a53Siji a53P,.

27d,50450453,.65 aSFa

15\8,.67 a53Dd, 653Dd, c53Dd, osp'd,
653d,53753,.91 653F'53

700,.62 1

27d,6002,.532 C53F53
253\8,.\85

653F'd,o53Qd,oijiD,. 653d,504504504,.50453 653F'53

\853,.5300
0̂053D'd,0053F,.

27d,\85041,.17 C53F504 653d,527,.753 653F'504 -J

27d,917,.69 0053D'al 6504d,5366,.15 4dijiD2 aijiPd,oijiD'd,ffalijiF,.

10053,.62 a53P'd, 653P'd, a53D,. 653Dd,
c53Dd, o53F'd, 653F% aijiD,.

6504d,615,.2\8 653P'o

2\8d,0021,.21 a53D'2 5300,.\800

1539,.\82 6504d,65046,.00\8 653P'iji a53Pd,a-JD'd,oijip,.

2\8d,161,.0053 0053D'53
6504d,7005,.16 653P'2

69,.00\8

29d,7536,.22 C53Po

5,.900 0053Sd, C53P'd, 653P'd, o53Dd,
6504d,95042,.79 61S00 aijip,.

29d,75042,.12 C53P1
\81,.\800

c53Dd,oijiDd,CIS,. 65d,2536,.\853 61G504 aijiF,.

29d,\8253,.92 C53P53 76d,25042,.50400 C53P'00

117,.5041

5300d,\815,.65 OijiPal aijiSd,6ISd,oijiP'd,aijiDd,fftijiDd, 76d,5359,.\81 C53P'1 *53P,.
4dijiDd, o53P'd, &53P'd, a53D,.

76d,5\8\8,.504\8 C53P'2

22\8,.67

r
532d,535049,.9\8 oijiFs cijiDd, 61Dd, 4dijiDd, oijiF'd,

cijiGd, c53D,.

Tabale2exhijibijitsthemualtijipaletswhijichhavebeeanffouan4d,. Oanalythe

waveanumbersaan4dijianteansijitijiesoffthealijianesaregijiveand,aan4dthegroupoff
combijianatijioansoff trijipalet termswhijichhasprevijiousalybeeangijivean (cff,.

p,.53531!)ijisanotrepeate4d,.

5045\877°580;-~27 2
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Tabale2,.

—

CombijianatijioansijiantheScIIspectrum

[Voal,.»2

âDa a53D2 a53Diji 00ID2 a53F' ôF's ĉF'a

aijiD'2

aWiji

ĉFa

ôFa

C53D'2

a53D'iji

a53P2

asPiji

c53Po

aijiPiji

a»F53

504 53

(26d,9653,.69!) 26d,00153,.6\8 26d,00\81,.531

600II
27d,6653,.5504
5300III

27d,5042504,.72
53ijian

27d,265,.953

600an
27d,9\853,.5041

200II

27d,\850453,.61

200III

29d,65046,.27

532d,172,.00504

500II

27d,553504,.62
25III 50400II

27d,5375,.9\8 27d,50450453,.1

200II

2\8d,00953,.53504

535II 200II
27d,9553,.52 2\8d,0021,.29

200II 5300II

27d,\8500,.0053 27d,917,.69

29,.

100III

29d,756,.22
15III

29d,67504,.50453 29d,

53IV
5300d,75047,.99

53IV
\8253,.95
100III
75042,.253

12III
7536,.22

10000IIIE
253d,550400,.537

2

25d,0061,.500
5IVE

2504d,9002,.76

2

25d,504\800,.19

27d,2\82,.97
1

27d,2001,.2504

100III

2\8d,27504,.65
25m

29d,\8009,.001

50400IIIE
22d,\8553,.66

2

22d,61504,.72

600IIIE
253d,1753,.537

(21d,197,.900!) 21d,27\8,.536

5VE
22d,957,.79
5300IIIE
22d,71\8,.95
53VE

22d,5600,.17

\8IVE
253d,277,.61
500anijiE
253d,1537,.75

(2504d,950400,.500!)

6IVE
22d,799,.67
200HIE
22d,650400,.900

253d,535\8,.21
alOalVE
253d,21\8,.5046
50400HIE
253d,11504,.91

(2504d,950400,.12!)

(27d,5362,.536!) (27d,50466,.56!) (27d,55047,.253!)

asP'a CSP'al asP's oijiSo &ijiDa a580;-Giji

aijiD'2 (153d,926,.9\8!) (153d,979,.\87!)

100

15d,1536,.79

a\8F504
0053F53
oSFa

(15d,5045047,.9\8!)

(15d,535042,.200!)

(16d,657,.\81!)

(16d,50499,.1504!)

(153d,579,.77!)

(153d,5350400,.92!)

a53D'iji

200VE
16d,00006,.75

6

15d,\866,.\87

15d,7653,.53504

15

15d,919,.\853
7

15d,\816,.27

15

15d,\850453,.7504 (16d,1\81,.53504!)

(17d,0076,.600!)

(153d,\899,.653!)

caPa

0053Pal

25VE
17d,669,.5504
15VE
17d,6\87,.753

15VE
17d,722,.504\8
100VE
17d,650400,.6504
12IVE
17d,653504,.76

\8VE
17d,66\8,.11

53

1\8d,00005,.753

(1\8d,\879,.50400!)
53IVE

1\8d,797,.600

o53Po

aijiPiji
2

1\8d,661,.536 (1\8d,71504,.25!)

2IVA
1\8d,75041,.6\8?

15IVE
19d,0079,.536

50400VE
19d,\871,.16

00»F53

15IVE
21d,504005,.5047

75VE
1\8d,00\8\8,.5\8
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Meggers,. AanaalysijisqffScaan4dijiumSpectra

Tabale2,.

—

CombijianatijioansijiantheScIIspectrum—Coantijianue4d
53537

653D53 653D53 &53Dal CID2 4d»D2 6»Q504

oijiD'a (531d,662,.005!) (531d,5532,.62!)

6e

532d,1700,.600
53e

53\8d,2\8504,.71

C53F53

504IIIA
29d,9002,.1\8

1?

5300d,150400,.99
53

5300d,0011,.600
00?

5300d,1700,.2\8
53

5300d,1007,.\86C53F53

a53D'53
53

29d,6\82,.5041

1

29,.50452,.\82
2

29,.592,.\853a53D'2 (29d,722,.16!) (29d,55300,.535!)
1

29d,65353,.71âD'iji (29d,696,.25!)

0053P..j
C53Piji
0053PO

(27d,919,.5045!)

(27d,\871,.77!)

(27d,\815,.2504!)

ffalijiPal (26d,79\8,.29!) (26d,7535,.\81!) (27d,504536,.27!)

5e

5353d,5500,.66

OIF53 (2504d,53953,.539!) (2504d,2653,.9504!) (25d,9001,.9504!)

1

532d,0015,.96
100IIIE
532d,\8\85,.\85

53D53 53D53 a53Diji cijiDa cap'a csp'..j C53P'o

6\8Pa

alOe 5e ale

539d,167,.537 539d,277,.2504 539d,53504504,.79 (536d,\80053,.9504!)

(2e!) (ale!)

537d,250453,.6\8 537d,001504,.96

653Piji

9e 6e
539d,005046,.\8504 539d,11504,.535 (536d,5753,.52!)

ale maske4d
537d,504753,.953 (537d,25045,.537!)

1?

537d,127,.96

653Po

\8e

539d,00001,.59

ale

537d,535\8,.12

Note,.—Othercombijianatijioansoanp,.53531,.

6100504 CalF'53 4dijiDs cijiP'iji b̂St

aijiFa
alOe

532d,\8\85,.\85
2e

27d,17\8,.532
1

532d,0015,.96

aijiD'..j
alOe

5353d,5045046,.\8504

53e

53\8d,2\8504,.71

53e

53504d,531\8,.53\8

aijiPiji
5e

5353d,5500,.66
2e

29d,6\8504,.69
504e

53504d,126,.96

Tabale53coantaijiansaalalthealijianeswhijichhavebeeancalassijiffijie4dd,arraange4d

ijianor4deroffijiancreasijiangwavealeangthd,aan4dgijivesbothwavealeangthsaan4d

waveanumbers,. Theijianteansijitijies ijian thecoalumanhea4de4dMareffrom

Meggers's estijimates ijian the arc,.^ The aletter "e'̂ 4deanotes a alijiane

streangtheane4d at the ealectro4de or coanffijiane4d to ijits vijicijianijity,. The

coalumanshea4de4dKgijivetheijianteansijityijianthearcd,aan4dthetemperature
calassd, accor4dijiangtoKijiang,.^ Thathea4de4do580;-cgijivestheexcessoffthe

observe4dwavealeangth above thatcompute4dffromthe 4dijiffffereance off

"B,.S,.Sciji,.PaperNo,.55049,.

"Ap,.-J,.d,5504d,pp,.531580;-536;1921,.
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thetermsgijiveanijianTabale1,. Ianaffewcasesd,wherethevaalueoffoane

offthetermsijianvoalve4dhasbeean4determijiane4doanalyffromthealijianeijianques580;-

tijioand, theresiji4duaalijis anecessarijialyzerod, aan4dijis gijiveanijianpareanthesesijian

thetabale,. Oanalythreeofftheseresiji4duaalsexcee4d00,.0053A,. Oaneoffthese
ijisfforaalijianemeasure4doanalybyExaneraan4dHaschekd,whijialeijianaanother

casetheiji4deantijiffijicatijioand, aan4dijian the thijir4d themeasuresare4doubtffual,.

Fortheremaijianijiang1539alijianestheaverageresiji4duaald,regar4dalessoffsijigand,

ijis ±00,.00007504Ad,correspoan4dijiangtoaprobabaleerroroff ±00,.0000653A,. Iff

ijit ijis assume4dthattheresiji4duaalsrecor4de4das00,.001 reaalaly alijie betweean

00,.00005aan4d00,.0015d,aan4dsooand,the4dijistrijibutijioanofftheobserve4dresiji4duaals

aan4dthatpre4dijicte4dbythealawofferrorsareasffoalalows,.

Resiji4duaal 580;-53 580;-2 580;-1 1 2 53

Observe4danumber 1 7

7

29

53504
5504

56

536
53504

6 1

y2

Sijiance5534dijiffffereanteanergyaleveals(termsorcompoaneantsoffterms!)have

beean4determijiane4dffromthese1539alijianesd,theactuaalprobabaleerroroffaan

observe4dwavealeangthd, assumijiangd, as ijis probabaled, thatthecombijiana580;-

tijioan prijiancijipale ijis rijigorousaly trued, ijis00,.0000653X(1539/\87!)^ or00d,0000\800Ad,
whijichijissatijisffactorijialysmaalal,.

Theoanalyoutstaan4dijiangalijianeoffijianteansijitygreaterthaan2ijisaanijisoalate4d

oane at X2d,2753,.100 (ijianteansijity 53d, 71=50453d,979,.16!),. Thijis has anot beean

calassijiffijie4d,.

Tabale53,.

—

Calassijiffijie4dalijianesoffScaan4dijiumII

X 00580;-C
Iantean580;-
sijityM

Ianteansijity
calassK V Orijigijian

2d,550400,.\87 +1 ale 539d,53504504,.79 a53Dal580;-?/53P2

2d,55045,.2504 5e 539d,277,.2504 a53D2580;-653P..j
2d,552,.53\8 580;-1 alOe 539d,167,.537 oSDs580;-b̂Pa
2d,555,.\8504 +1 6e 539d,11504,.535 a53Diji580;-&53Piji
2d,5600,.26 580;-1 9e 539d,005046,.\8504 a53D2580;-&53Piji

2d,5653,.253 (00!) Be 539d,00001,.59 C53Dd,580;-&53P00
2d,611,.253 +1 53e 53\8d,2\8504,.71 aWiji580;-4dD̂
2d,667,.753 +1 ale 537d,504753,.953 &580;-53Piji580;-c53P'2

2d,676,.0000 +1 ale 537d,535\8,.12 553Po580;-c53P'iji

2d,6\8504,.253 580;-1 2e 537d,250453,.5\8 653P2580;-C53P'53

2d,692,.59 (00!) 1? 537d,127,.96 &53Pd,580;-c53P'o

2d,70000,.\81 580;-1 ale 537d,001504,.96 653P2580;-C53P'd,

2d,72504,.16 580;-1 ale? 536d,697,.71 a53D'iji~b53p'o

2d,729,.600 +2 ale 536d,62504,.5\8 arD'2580;-bijiF'iji

2d,7535,.61 ale Fe? 536d,5504504,.12 a53D'2580;-&53P'2

2d,7\82,.53504 580;-1 53e 535d,95300,.50400 a53F2580;-653F'2

2d,7\89,.200 +1 5e 535d,\85042,.002 0053F53580;-fft53F's

2d,79504,.700 +1 ale 535d,771,.5049 0053F53580;-&53F'2

2d,\8001,.535 6e 535d,6\86,.5\8 C53F504580;-553F'504

2d,\8007,.91 ale 535d,60053,.21 a53F504580;-653F'53

2d,\819,.56 +1 5e 535d,50456,.11 a53D'iji580;-653F'2

2d,\822,.17 580;-1 7e 535d,504253,.532 C53D'2580;-&53F'53

2d,\826,.69 alOe 535d,5366,.6\8 g53D'53580;-0053F',.1

2d,\827,.\81 2e 535d,5352,.6\8 0053D'53580;-b53F'2

2d,\85353,.536 ale 535d,2\853,.50453 0053D'53580;-b53F'53

d,iji
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]

Meggers] AanaalysijisoffScaan4dijiumSpectra

Tabale53,.

—

Calassijiffijie4dalijianesoffScaan4dijiumII—Coantijianue4d

53539

X o580;-c
Iantean580;-
sijityM

Ianteansijity
calassK V Orijigijian

2d,\859,.532 580;-1 2e 53504d,9653,.11 âFiji580;-¥F'2
2d,\8653,.67 580;-1 26 53504d,9100,.0000 a53Fo580;-b53p'iji
2d,\86504,.15 580;-2 ale 53504d,900504,.15 a53Piji_653p'd,
2d,\866,.00504 +1 504e 53504d,\8\81,.153 a53P2580;-653p'2
2d,\8\86,.71 +1 2e 53504d,\872,.9\8 o53Piji580;-b53p'o

2d,\8700,.900 +1 2e 53504d,\822,.009 c53P2580;-653P'iji
2d,9153,.00504 +53 53e 53504d,531\8,.53\8 GijiD'2580;-aijiP'iji
2d,929,.53\8 +(00!) 504e 53504d,126,.96 ffalijiPiji580;-fftijiSo

2d,95049,.92 +1 1 5353d,\8\89,.535 aijiPiji580;-653p'2
2d,979,.700 580;-2 6e 5353d,5500,.66 aijiPiji580;-4dijiD2

2d,9\8\8,.95 +1 alOe 5353d,5045046,.\8504 aijiD'2580;-oijiF'53

53d,00539,.9504 +(00!) alOe 532d,\8\85,.\85 CIF53580;-61G504
53d,005045,.753 15e 532d,\8253,.5353 C53F2580;-C53Q53
53d,0052,.92 580;-2 20000 532d,75046,.0053 c53F53580;-a53G504
53d,00600,.553 53e 532d,66504,.61 a53F53580;-a53G53

53d,0065,.11 +(00!) 53006 532d,615,.\800 aSFiji580;-âQs
53d,0075,.53\8 +2 536 532d,5006,.\89 âFiji—âQiji
53d,00\82,.67 +1 2e 532d,504531,.007 a53F2580;-c53Diji
53d,0092,.52 +1 26 532d,5326,.72 a53F53580;-c53D2
53d,1007,.539 +53 1 532d,172,.00504 c53D53580;-aijiF53

53d,1007,.553 +(00!) 66 532d,1700,.600 «1D'2580;-C1D2
53d,100\8,.500 580;-1 5300 532d,1600,.66 a53F504580;-c53D53
53d,122,.5504 +2 1 532d,0015,.96 âFs—4dDiji
53d,122,.9\8 580;-1 536 532d,Oijial,.5045 c53D'iji580;-c53D2
53d,126,.002 +1 1 531d,9\800,.532 a53D'2580;-C53D53

53d,12\8,.29 56 531d,957,.11 a53D'iji580;-c53Diji
53d,15353,.12 +1 \86 531d,9007,.\85 a53D'2580;-C53D2
53d,153\8,.5046 ale? 531d,\8553,.57 a53D'2̂c53Diji
53d,1539,.76 +2 1006 531d,\850400,.537 a53D''53580;-c53D53
53d,15046,.91 +1 1 531d,76\8,.0053 a53D'53580;-C53D2

53d,1700,.50400 580;-1 1 531d,5532,.67 aijiD'2580;-653D2
53,.1900,.5041 26 531d,5353504,.900 a53Po580;-a53Siji
53d,191,.001 5e 531d,5329,.001 a53Piji580;-a53Siji
53d,199,.53\8 +1 alOo 531d,25047,.006 a53P2580;-a53Siji
53d,251,.531 53 IIV 5300d,75047,.99 a53D2580;-aijiPiji

53d,5311,.753 +1 53 5300d,1\87,.00'al a53Pd,580;-c53D2
53d,5312,.75 580;-1 6 N4d? 5300d,177,.7504 a53P2580;-c53D53
53d,53153,.57 00? 5300d,1700,.2\8 G53F2580;-653D2
53d,5316,.79 +1 1? 5300d,150400,.99 C53F53580;-553D53
53d,5317,.006 +1 Dy? 5300d,153\8,.52 a53Po580;-c53Diji

53d,5317,.700 +1 1 5300d,1532,.72 a53Piji580;-c53Diji
53d,53200,.504504 580;-1 53 5300d,1007,.\86 a53F2580;-&53Diji
53d,53200,.72 580;-1 1? 5300d,1005,.5353 a53P2580;-c53D2
53d,53531,.009 53 5300d,Oijial,.600 O53F53580;-0053D2
53d,5350453,.2\8 504 IIIIA 29d,9002,.1\8 a53F504580;-653D53

53d,5352,.005 53 2IV 29d,\8253,.95 a53Diji580;-a53P2
53d,53553,.753 25 100III 29d,\8009,.001 aijiD2580;-aijiF53
53d,5359,.6\8 100 6III 29d,756,.22 a53D2580;-a53P2
53d,5361,.26 580;-1 100 6III 29d,75042,.253 c53Diji580;-a53Piji
53d,5361,.9504 12 6III 29d,7536,.22 c53Diji580;-a53Po

53d,53653,.62 580;-1 1 29d,722,.25 C53D'2580;-653D53
53,.5366,.5046 1 29d,696,.5300 a53D'iji580;-653D2
53d,536\8,.9504 15 \8III 29d,67504,.50453 a53D2580;-a53Piji
53d,5372,.1504 200 12III 29d,65046,.27 a53D53580;-a53P2
53d,53753,.57 +1 1? 29d,65353,.71 a53D'iji580;-553Diji

53d,537\8,.253 580;-1 2 29d,592,.\853 a53D'2580;-653Ds
53d,5379,.19 580;-1 2e 29d,5\8504,.5042 aijiPiji580;-aijiP'iji
53d,5379,.5042 580;-1 53 29d,5\82,.5041 0053D'53580;-653D53
53d,539504,.29 +1 1 29d,50452,.\82 a53D'53580;-653D2
53d,5535,.753 100 6III 2\8d,27504,.65 aijiD2580;-a»Piji

53d,55\8,.55 200 711 2\8d,00953,.53504 a53D2580;-a53D'53
53d,567,.700 580;-1 200 611 2\8d,0021,.29 a53Diji580;-a53D'2
53d,572,.553 500 200II 27d,9\853,.5041 a53D53580;-a53D'53
53d,576,.535 535 \811 27d,9553,.52 a53D2580;-a53D'53
53d,5\800,.9504 5300 711 27d,917,.69 a53Diji580;-a53D'iji
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Tabale53,.

—

Calassijiffijie4dalijianesoffScaan4dijiumII—Coantijianue4d
(Vohan

X 00580;-C
Iantean580;-
sijityM

Ianteansijity
calassK " Orijigijian

53d,5\89,.6504

53d,6900,.504\8
53d,6153,.\8504

53d,65300,.76

53d,65042,.79

+1
200
200
600
600
50400

611
611
5300an
12II

25II

27d,\8500,.0053

27d,\850453,.61

27d,6653,.5504

27d,553504,.62

27d,50450453,.69

a53D2580;-a53D'iji

o53D53580;-a53F504
a53D2580;-0053F53
a53Diji_o53F2

53d,65045,.531

53d,651,.\800
53d,66504,.25
53d,666,.6504

53d,675,.26
+1
580;-1

5300
25
1

53
1

100aniji
7aniji

2ijian

27d,5042504,.72
27d,5375,.9\8
27d,2\82,.97
27d,265,.953
27d,2001,.2504

0053D2580;-a53F2
aijiD2580;-a53P..j
a53D53580;-a53F53
cijiD2580;-a53Piji

53d,67\8,.536
53d,\85353,.00\8
53d,\850453,.006

53d,9253,.61

53d,9\89,.006

580;-1

+1
+1
+1

2e
53
504
2
2

27d,17\8,.532

26d,00\81,.531

26d,00153,.5\8

25d,504\800,.19

26d,0061,.500

ffalijiFs580;-oijiF's

a53D2580;-cijiD'a
aijiD2580;-c53D'2
aijiD2580;-a53F53

504d,001504,.5049
504d,25046,.\853

504d,279,.95
504d,29504,.77

504d,53005,.71

580;-1

+1

5
10000
1

\8
100

5IVE
75ijianE

alOIVE
alOIVE

2504d,9002,.76

253d,550400,.537

253d,535\8,.21

253d,277,.61

253d,21\8,.5046

aijiD2580;-a53F2
OalD2580;-CalD'2
0053F'2580;-a53D'53
a53F'53580;-a53D'53
C53F'2580;-0053D'2

504d,531504,.009

504d,53200,.753

504d,5325,.0000
504d,535504,.600
504d,537504,.5046

+1

t\
580;-1

600
500
50400
5
50400

10000anijiE
75IIIE
500mE
\8VE
600ijianE

253d,1753,.537

253d,1537,.75

253d,11504,.91

22d,957,.79

22d,\8553,.56

0053F'504580;-0053D'53
a53F'53580;-o53D'2
c53F'2580;-a53D'iji
a53F'53580;-a53F504
c53F'504580;-a53F504

504d,53\8504,.\800
504d,5040000,.53\8
504d,50415,.55
504d,504200,.66
504d,504531,.535

580;-2
580;-1

580;-1
+1

6
5300
200
2
53

\8IVE?
600111E
50400mE
504VE

22d,799,.67

22d,71\8,.95

22d,650400,.900

22d,61504,.72

22d,5600,.17

a53F'2580;-a53F53
a53F'53580;-a53F53
a53F'2580;-a53F2
a53F'504—a53F53
a53F'53580;-a53F2

504d,6700,.50400

504d,69\8,.5300
6d,00531,.002

5d,2539,.\81

5d,531\8,.535

+6

580;-2
+1

15

2
50400
15

53

15IVE
(E&H!)
100VE
2IVE
IIVE

21d,504005,.5047
21d,27\8,.536
19d,\871,.16
19d,0079,.536
1\8d,797,.600

5ijiD2580;-aijiF53
a53F'2580;-aijiD'2
6ijiD2580;-aijiPiji
oijiSo580;-aijiPiji
6ijiD2580;-a53Piji

5d,5353504,.22

5d,5357,.1\8

5d,526,.\82

5d,552,.25

5d,650400,.99
+1

1
75

53
15

trIVA

100VE
2VE

1\8d,75041,.6\8
1\8d,661,.536
1\8d,00\8\8,.5\8
1\8d,00005,.753
17d,722,.504\8

asp'o580;-aijiPiji??
a53P'2580;-aijiPiji
aijiG504—aijiFs?
a-JSo580;-a53Pd,
C53P'iji580;-0053Pa

5d,657,.\89

5d,65\8,.535

5d,667,.16

5d,669,.005

+1

+1

25
\8
100

12

15VE
2VE
2VE
2IVE

17d,669,.5504

17d,6\8\8,.11

17d,650400,.6504

17d,653504,.76

0053P'2580;-a53P..j
a53P'o580;-o53Piji
a53P'iji580;-o53Piji
C53P'iji580;-o53Po

5d,6\8504,.21

6d,25045,.6504

6d,279,.7504

6d,530000,.700

+2
+2
580;-53

15

200
15

\8

\8VE
\8VE

17d,5\87,.753

16d,00006,.75
15d,919,.\853

15d,\866,.\87

a53p'2580;-0053Piji
a53P'2580;-a53D'53
a53P'iji—a53D'2
C53P'2580;-C53D'2

6d,53009,.900
6d,53200,.\86
6d,535042,.00\8
6d,600504,.600

580;-2
580;-1

+1

15
7
1

100

15d,\850453,.7504
15d,\816,.27

15d,7653,.53504

15d,1536,.79

a53P'o580;-a53D'iji
a53P'iji580;-a53D'iji
a53P'2580;-0053D'al
&ijiD2580;-aijiD'2

III,.THEARC SPECTRUM (Sc I!)

Theanormaalstate offtheaneutraalatomeviji4deantalycorrespoan4dstoa
D̂ termd, off separatijioan 16\8,. Traansijitijioans betweean thijis aan4dhijigher

termsaccouantffor aalal off theanumerousalijianeswhijichKijianghasffouan4d

tobestroangijian theffuranaceatalowtemperatures,. Theanextalowest
aleveald,ashasaalrea4dybeeansaiji4dd,ijisa F̂'termd,whijichcombijianeswijitha

trijia4d D̂'d,*Fd,*G'd,togijivestroangmualtijipaletsijianthegreeanaan4dyealalow,.
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Thesetermsaccouantfforthestroangestalijianesd, butaleavethema..jorijity

uaniji4deantijiffijie4d,.

Furtherstu4dyreveaale4dtheexijisteanceoffa F̂'termd,whijichaccouants

fforsomepromijianeantalijianes ijian the greeand, asecoan4d D̂d, about 17d,000000

abovethe ffijirstd, aan4da Ĝ termalyijiangaalijittale hijigherd, aan4doffseveraal

termsatamuchhijigheralevealwhijichcombijianewijithaanumberoffthe
terms aalrea4dy iji4deantijiffijie4d by theijir combijianatijioans wijith the alow D̂

term,. Thealatter termswere at ffijirst puzzalijiang,. The three alowest

arecalosetogetherd,aan4dha4daalalbeeancalasse4das D̂'termsd,aanuanpre580;-

ce4deante4dsijituatijioand,har4dalyrecoancijialabalewijiththetheoryoffHuan4dd,who
hasexpresse4d the opijianijioan *̂ thatsome off the alijianesmustbe ijianter580;-

combijianatijioans,. Thijis aantijicijipatijioan has beean ffoijim4d to be correct,.

Thereijisoanalyoane D̂'termijianthijisaneijighborhoo4dd,compose4doffparts

offwhatwere previjiousaly suppose4d to be two 4dijiffffereant D̂' terms,.

Theotheraleveals arecompoaneantsoff D̂' aan4d F̂ terms,. Wheanthe

remaijianijiangcompoaneantsoff thesetermswereffouan4dd, ijit appeare4dthat

combijianatijioansoffthesetermsd,aan4doffa P̂'termd,whijichcompaletesthe

trijia4dd,wijithanumerousstijialalhijighertermsaccouante4dfformorethaan10000

alijianesd, ijiancalu4dijiang aalmost aalal those off aany streangth whijich ha4d anot

previjiousalybeeaniji4deantijiffijie4d,.

Thequartetsystemwasthusgreatalyextean4de4dd,butremaijiane4dijiantwo
4dijistijianctpartsd,oanecomprijisijiangthealow*F'termd,thetrijia4d D̂'d, F̂d, Ĝ'd,

aan4dahijigher F̂' termd,aan4dtheotherthemoreexteansijivegroup..just

4descrijibe4dd, wijith ano recoganijizabale combijianatijioans betweean the two,.

Thijis 4dijiffffijicualtywasresoalve4dthrough thekijian4daness offDoctorKijiangd,

whoijianaanswerto arequestd,fforwar4de4dposijitijives offhijis orijigijianaal arc
aan4dffuranace spectra,. Oanexamijianatijioan off thesed, aanumberoffanew
alow580;-temperature alijianes wereffouan4dijian the re4dd, whijichha4danotbeean

recor4de4d as scaan4dijium alijianes by DoctorKijiangoan accouant off theijir

abseanceffromaalalprevijiousalypubalijishe4dalijistsd,butwhijichagree4dexactaly

wijith the pre4dijicte4d posijitijioans off aalal the other ijiantercombijianatijioans

betweeanthealow D̂termaan4dthe P̂d, D̂'d, F̂trijia4dwhijicharepermijitte4d

by the ijiananer quaantum ruale,. Further search reveaale4d some ffaijiant

alijianesijiantheualtra580;-vijioaletd,greatalystreangtheane4dijiantheffuranacespectrumd,

aan4dmeasurabaleoanalythered,whijichprove4dtobecombijianatijioansbetweean

thealow D̂aan4dthe Ĝ'aan4d F̂termsofftheothertrijia4d,. Thijisgave

thealeveals off these termsd, aan4doff thealow*F' whijichcombijianeswijith

them,. Wijiththijis aiji4dd, aanothercombijianatijioanbetweeanthetwoparts

offthequartetsystemwasffouan4dijianthe4deepre4dd, aan4dtheappareant

abseanceoffotherswasexpalaijiane4dbyffijian4dijiangthattheywoual4dalijieffarijian

theijianffra580;-re4d,. Aanumberoffhijightermsoffthe4doubaletsystemhave
aalsobeeanffouan4d,. Theijircombijianatijioanswijiththetermsoffthemiji4d4dale

"LijianijieanspektreanuB4dPerijio4dijischesSystem4derEalemeante(Beralijiand,1927!),. Thegreaterpartoffthijisbook
wascourteousalyshowantooaneoffus(H,.N,.R,.!)ijianprooff,.
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setijian4dijicatethattheremarkabaletermat2504d,656d,whijichijiseviji4deantalya

4doubaletwijithijitscompoaneantstoocalosetoberesoalve4dd,ijis aPterm,.
Huan4d'stheorypre4dijictstheexijisteanceoffcertaijianalowtermsijiana4d4diji580;-

tijioantothosesoffar4descrijibe4dd,offtypes P̂'d, P̂'d,aan4d Ŝ,. Combijianatijioans

S\̂ ^̂^

E
O-J

<o

<00

^̂ ===̂^

(D

580;-Q
53
O

*=r580;-53ĉ
""""̂

/..j/ 1

•=00

^
1—

1

o

^̂ 580;-580;-KI \ô;;̂^ 0̂0\\

^

"00 ^̂^

1
^
? ff

•

•Q

S
•

o

ooo
o

oo
o,.o
CO

Q &Q

offtheffijirstoffthesewijith*Paan4d^̂S' termshavebeeaniji4deantijiffijie4dd,but

anothijianghasbeeanffouan4dwhijichservestocoananectthesewijiththemaijian

partoffthequartetsystemd,aan4dtheabsoaluteeanergyalevealsoffthese

termsremaijianuankanowan,. Theiji4deantijiffijicatijioan off thijis termd, ijis certaijian;
thatoff certaijian otheralijianesd, whijichprobabalyrepreseantcombijianatijioans
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ijianvoalvijiangthe P̂'d,termd,caananotberegar4de4dascoancalusijive,. Itcoual4d

bestbeteste4dbyobservatijioansofftheZeemaane-Jffffectd, ord,perhapsd,by

aanaalogywijiththespectrumoffyttrijiumd,whijichijisverysijimijialartothat

offscaan4dijium,.

Tabale504d,whijichijis arraange4dsijimijialaraly toTabale 1d, gijivestheterms

whijichhavebeeaniji4deantijiffijie4dijianthearcspectrum,. Forthe*P'aan4dthe

probabale P̂' termsd,aan4dthosewhijichcombijianewijiththemd,whijichare

alijiste4d attheean4dd, theeanergyaleveals arerefferre4d to thealowestcom580;-
poaneants off these themsealvesd, aan4duankanowanquaantijitijiesd, 4deanote4dby

5045\877°—27 53
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Xaan4dyijian the tabaled,mustbea4d4de4dtore4ducethemto thesystem
empaloye4dffortherest,.

Thecoananecte4dtermsffortheScI spectrumareshowan4dijiagram580;-
matijicaalalyijianFijigures2aan4d53,. Ianor4dertosijimpalijiffytherepreseantatijioan

oanalythe4doubaletsystemijisgijiveanijianFijigure2; thequartetsystemaan4d

ijiantercombijianatijioansaregijiveanijianFijigure53,.

Tabale504,.

—

RealatijivetermsijiantheScIspectrum

Leveal Term Av Combijianatijioans Leveal Term Ap Combijianatijioans

ffa2Pd, 62Pd, c2pd, 4d2Pd, 29d,0022,.\87 âQ'iji
00,.0000 âDa a2D'd, 62D'd, c2D'd, 753,.5353

16\8,.53504 a2Fd,¥Fd,c2Fd,c2G'd, 29d,0096,.200 a*G'504

16\8,.53504 C2D53 a*Pd, aiji-J!)'d, ¥T>'d,

a<Fd,6*Fd,o*G',. 29d,1\89,.\853 âG's
953,.653 a<F'd, 4d*F'd,o53D,.

11d,5200,.15 a*F'iji 1153,.69

537,.5049 29d,530053,.52 aijiQ'iji -J

11d,557,.6504 ôF's

52,.600 &*D'd,¥Fd,a*Q',. 5300d,5753,.100 c2Piji

11d,6100,.2504 ĈF'504

67,.007 5300d,7006,.61 C2P53
15353,.51 002D,.

11d,677,.531 a*F'd,
531d,172,.62 61F2

1504d,926,.2504 ĉF's

116,.7504
C2D'd,4d2D'd,C2Fd,C2Q'd,

62G'd,
531d,215,.76 6504F53

50453,.1504

15d,005041,.9\8 a2F'504 59,.56 âF'd, e*F'd, âD,.
531d,275,.532 6̂F504

15d,672,.55 âFiji
\853,.96 531d,53500,.\81 fftijiFs

75,.5049

15d,756,.51 am ôDd,¥1!)d,¥F\cijiF%
g504F'd, /504F'd, aijiQd,125,.25 532d,6537,.50400 ¥T>'iji

15d,\8\81,.76 aijiFiji 62P'd, a2Dd, 4dDd, 21,.\81
1504504,.76 6>F'd,&2G,. 532d,659,.21 6̂D'53

16d,0026,.52 âFs
532d,696,.\8504 ¥D'53

537,.653 âF' a2D,.

16d,00009,.71 âD'iji
12,.007 532d,751,.5504 biji580;-D'iji

5504,.700

16d,0021,.7\8 ĈD'2 6*P'd,a«Dd, b*580;-Dd, b̂F'd,

119,.26 cijiF\ eijiF'd, &2P'd, 5353d,0056,.19 âQ'iji

16d,15041,.00504 âD'53
69,.76

oaDd,4d2Dd,/2Dd,&2F',.
5353d,151,.50400 a2G'6

95,.21 a2Dd, a2F/d, a2Q,.

16d,2100,.\800 aijiD'504

5353d,15504,.001 C2F53

16d,0096,.\86 a2D'2 16»P'd, a2Dd, c2Dd, 4d2Dd, 12504,.653 a2Dd,62Dd, a2F'd, a2G,.
580;-7504,.1504 \ e2Dd,/2Dd,62F'd,aijiDd, 5353d,27\8,.6504 C2F504

16d,0022,.72 a2D'53 I 6*Dd,¥F'd,4dF',.
5353d,615,.006 C2D'53

17d,0025,.536 &2Da 1 92,.19 a2Dd,62Dd,a2F',.
580;-12,.53\8 \4dPd,c2D'd, 4dD'*c2F,. 5353d,7007,.25 C2D'53

17,.0012,.9\8 62D53
1

5353d,7653,.57 &̂F'2

1\8d,500504,.005 âPiji
]

535,.11

1\8d,515,.77 00*P2
11,.72 6504p/ c504p'?d,a*I>d,6<Dd,

a2D,.

5353d,79\8,.6\8 6«r'53

5047,.9504 âD'd, âFd, âD\
55,.653 5353d,\85046,.62 ¥F'iji

1\8d,571,.50400 âPs
5353d,9006,.50400 &504F'6

59,.7\8

1\8d,711,.0053 002Pal
1504504,.753

6«P'd, a2Dd,c2Dd,<Z2Dd,
C504P'?

53504d,53900,.25 âDiji
1\8d,\855,.76 002P..j 532,.600

53504d,50422,.\85 ĉDo
200d,2539,.92 âGiji

580;-2,.\82 c'Fd,4d2Fd,a2Q'd, 62Q'd, 53504d,504\800,.005 ĉDs
67,.200 âFd,o<D'd,aijiFd,a'D',.

200d,2537,.100 aijiQiji \87,.005

53504d,567,.100 âBiji
21d,00532,.7\8 a53F53

553,.006
o'Dd, c2Dd, 4d2Dd, <-:2Dd,

62F'd, êF',.
535d,671,.0000 C2D53

21d,00\85,.\8504 a2F504 7504,.57 a2Pd,a'580;-D'd,a'F,.

535d,75045,.57 C2D53

2504d,656,.\800 62P2d,1 00,.0000 ;d,62P'd, a2Dd, e2D,.
536d,276,.76 4d2D2

553,.753
ala2Pd,o2D'd,o»Fd,a<D'd,

2504d,\866,.1\8

25d,001504,.15

62D'2
15047,.97

]62P'd, a2Dd, c2Dd,/2Dd,

1 62F'd,6504D,.
536d,535300,.5049

536d,50492,.\82

4dijiDs

fftijip'iji

[

a*F,.

22,.9504

25d,5\8504,.6504 62F53
150400,.00\8 a»Dd, «»Dd, &2F'd, 62Q,.

536d,515,.76 b*F'a

57,.00504
a*Fd,a*D',.

25d,72'!,.72 62F504 536d,572,.\800 bijiF'z
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Tabale 504,.

—

RealatijivetermsijiantheScIspectrum—Coantijianue4d
535045

Leveal Term Ay Combijianatijioans Leveal Term Av Combijianatijioans

536d,953504,.15 4dijiD'2 50400d,\8002,.72 /2D..j
1005,.62 a2Dd, 62Dd, a'F',. 22,.953 o2D'd,62D'd,C504D',.

537d,00539,.77 4dD's 50400d,\825,.65 /2Dd,

537d,125,.72 4d2Piji
580;-539,.5041 o2Dd,62D,.

5041d,921,.9504 4dijiF'..j

53\8,.92

537d,00\86,.531 4dTiji 5041d,9600,.\86 4dtF's

5504,.71 aijiQ',.

537d,00\85,.72

537d,1504\8,.25

&2P'al

&2P'a

62,.553
]a2Pd,52Pd,a»D'd, b̂D'd,

1
âD'd,a*F,.

5042d,0015,.57

5042d,00\85,.001

4d*F'iji

4dF's

69,.504504

537d,7\800,.\853

537d,\855,.500

êB2

C2D53
7504,.67

al62pd,a2D'd,62D'd,a2Fd,

1
62F,.

504504d,59\8,.\800

504504d,\8253,.006 C504F'2

?

\86,.504504

o*F

53\8d,571,.700 &2G504 504504d,9009,.500 C504F'..j

\86,.553 62Fd,a*F,. 1006,.\87 a504D'd,a*Fd,6504Fd,o»F,.
53\8d,65\8,.253 62006 5045d,0016,.537 e*F'iji

1009,.200

53\8d,\871,.600

53\8d,959,.16

&2F'53

62F'504

\87,.56
a2D'd,62D'd,'c'Fd,62Fd,

5045d,125,.57

5047d,\89\8,.95

êF'iji

PF2
5047,.5300

^

539d,1553,.5042 a2H6
95,.\85 ijia'G,.

5047d,95046,.25 /<Fs
125,.52 aijiF,.

539d,25049,.27 C2H6 1 504\8d,0071,.77 /̂F504
251,.\81?

539d,5392,.95 62G'504

5300,.7\8 a2F'd,c2G,.
504\8d,53253,.5\8 /̂Fs?

539d,504253,.753 62G'5 X aijiP'iji

29,.0053
1

539d,7001,.5300 biji580;-Diji

200,.5041
1+29,.0053 oijiP'a

52,.002
âS'd,6ffP,.

539d,721,.71

539d,75504,.953

6504D2

bijiT>53

5353,.22

504504,.92

62D',.

a;+\81,.005

x+200d,2600,.\8\8

aijiF'iji

00504S'2 aijiF'

539d,799,.\85 bijiTffiji ^ a;+200d,651,.753 bijiFiji

5300,.75

539d,\8\81,.25 4dWz
7,.\86 002G,.

1+200d,6\82,.504\8 bijiF2

56,.53504

00504P'

539d,\8\89,.11 4dFiji x+200d,753\8,.\82 bijiF53

539d,\861,.25 aijiQ53
5041,.50400

"

y 002P'iji

\800,.50400 U4d'd,C53S'd,-J/2D',.
539d,9002,.65 aijiQiji

55,.006 aijiFt,.
y+\800,.50400 002P'2 1

539d,957,.71 aijiQs
700,.52

y+21d,766,.52 Z2D'2
5504,.22 alasp',.

50400d,002\8,.253 aijiQe y+21d,\8200,.7504 arSD's
1

50400d,521,.21 CijiF'2

5353,.77
y+21d,9537,.0053 a2S'iji a2P',.

d,50400d,55504,.9\8 CijiF'z

5049,.00504 âD'd,aijiFd, âD',.
y+29d,\8531,.500 ŷD'iji

9\8,.00504 c»P',.

50400d,600504,.002 ĈF'504 y+29d,929,.5504 -J/2D'53

50400d,G700,.\87 ĉF's 66,.\85

Tabale5exhijibijitsthemualtijipaletswhijichhavebeeaniji4deantijiffijie4dijianScI

aan4dijissijimijialarijianaalalrespectstoTabale2,.
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Tabale5,.

—

CombijianatijioansijiantheScIspectrum

IVoal,.an

C2D53 a2D2 C2D53 C2D2 4d2D53 4d2D2 62P'2 62P'd,

a<F5

a*F504

00<F53

a«F2

IIA
15d,7153,.5300
100IA

15d,5\8\8,.12
211A

15d,500504,.17

53IIA
15d,756,.5049
\81A

15d,672,.553

(19d,\8653,.\81!)

(19d,9\89,.11!) (19d,91504,.5504!)

(19d,99\8,.5049!)

(200d,504504\8,.753!)
OIVA

200d,5753,.92

(200d,657,.9\8!)

(200d,5200,.200!)

(200d,600504,.2504!)

(21d,53\81,.79!)

(21d,50475,.7504!) (21d,504153,.21!)

o<D'504

a*D'2

2IA
16d,005042,.50400
200IA

15d,972,.65
100IA

15d,\8553,.5504

211A
16d,15041d,009
15IA

16d,0021,.7\8

IIA
16d,00009,.65

(19d,5531,.77!)

(19d,600504,.553!) (19d,529,.96!)

(19d,65049,.1\8!)

(200d,119,.69!)

IIVA
200d,1\89,.55

(200d,5300\8,.67!)

(200d,1535,.72!)

2IIIA
200,.25504,.71

anijialA
21d,00007,.536

(21d,126,.50453!)

IIVA
21d,00653,.\8504

a<D'iji (200d,267,.005!) (21d,0076,.001!)

C504P53

C<P2

IIA
1\8d,5040053,.100
5IA

1\8d,535047,.5045

2IA
1\8d,571,.57
531A

1\8d,515,.6504
5IA

1\8d,500504,.006

(17d,17504,.100!)

(17d,229,.700!)

(17d,0099,.553!)

(17d,155,.5300!)

(17d,166,.900!)

(17d,759,.002!)

(17d,\81504,.700!)

(17d,7005,.29!)

(17d,7600,.97!)

(17d,772,.66!)

(1\8d,576,.7\8!)

(1\8d,6532,.5046!) (1\8d,569,.953!)

(1\8d,5\81,.62!)

C2D'2

50400IA
15d,\85504,.53504
9IIA

15d,92\8,.56

\8IIA
16d,0022,.76
5300IA

16d,0096,.\85

5III

19d,722,.\86

(19d,6504\8,.71!)

(19d,6504\8,.2\8!)
1

19d,57504,.11

504IIIA
200d,53007,.\82

(200d,25353,.653!)

(200d,25504,.00504!)

15IIIA
200d,179,.\8504

2IVA
21d,125,.504\8
IIVA

21d,0051,.5353
IIVA

200d,9\8\8,.79

C2P2
711A

1\8d,6\87,.5042
504IIA

1\8d,\855,.79
9IIA

1\8d,711,.0053

5IVA
16d,\8\89,.76 (16d,\815,.2504!)

53IV
16d,959,.900

IIV
17d,5047504,.7\8 (17d,50419,.0000!)

OIV
17d,565,.72

SIVA
1\8d,292,.52 (1\8d,229,.9504!)

C2Pd, (1\8d,504537,.22!) (1\8d,537504,.69!)

a2F504

C2F53

200IA
200d,917,.52

5IA
200d,\86504,.504\8

12IA
21d,00532,.77

200

1504d,659,.77

(1504d,712,.79!)

15

1504d,653\8,.29

53IV
15d,2504504,.66

(15d,297,.71!)

2IV
15d,2504504,.253

62P2d,1

53001
2504d,504\8\8,.51

2001
2504d,656,.77

2

12d,50491,.5046
1

12d,50429,.00504

62D'53

62D'53

700II

2504d,\85045,.\81

1001
2504d,697,.\89

151
25d,001504,.16

500II

2504d,\866,.1504

1

12d,15353,.99

(12d,219,.6504!)

62F504
600II

25d,556,.50400
100II

25d,50416,.532
50400II

25d,6\8504,.65
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C2D53 e2D2 62F'504 62F'53 62Gs b̂Qiji /̂Ds PB2

(21d,9753,.7504!)

(22d,9532,.61!)

(253d,0077,.50400!)

1IVA
22d,9\89,.\853

(22d,6531,.71!)

(22d,776,.5047!) (22d,6900,.00504!) (2504d,950453,.\89!)

(22d,0099,.00504!)

(22d,1\82,.99!)

(22d,002504,.536!)

(22d,100\8,.532!)

(253d,2002,.700!) (253d,0015,.1504!)

(253d,199,.009!)

22d,\815,.002 (25d,0069,.19!)

(25d,1553,.153!)

(25d,005046,.Iffal!)

(25d,15300,.21!)

(21d,6504504,.700!)

(21d,71504,.5046!) (21d,6539,.79!)

(22d,7504\8,.536!)
IIIIA
22d,\81\8,.200

(22d,6600,.\800!)

(22d,75300,.56!)

1 IIIA
22d,\85049,.\800

(2504d,61504,.\85!)
2IIIA

2504d,6\8504,.71 (2504d,661,.700!)
1 IIIA
2504d,7\800,.900
(2504d,7953,.001!)

(21d,\8532,.9\8!) (21d,75\8,.001!)

(21d,771,.11!)

(2504d,\80053,.\853!)

a«P2
a*Piji

(19d,2\8504,.0053!)

(19d,53539,.71!)

(19d,2009,.536!)

(19d,265,.006!)

(19d,276,.753!)

1IVA
21d,\8532,.\82

(21d,75\8,.6504!)

(21d,75\8,.11!)

21d,6\853,.99

2IIIA
22d,9536,.51 (22d,\8504\8,.\8\8!)

2IVA
22d,77504,.7504

53

2504d,\8002,.7\8

(2504d,7537,.79!)

(2504d,7\800,.0000!)
53IIIA
2504d,7005,.\8\8

a«Pa
ÔPiji

(1\8d,999,.7504!) (1\8d,925,.007!)

(19d,0069,.\800!)

(21d,969,.\89!)

(22d,0091,.69!)

aijiFiji

"IV
16d,769,.69

5IV
16d,7504\8,.006

5

17d,\8753,.5300 (17d,7\85,.76!)
53IV

17d,\853\8,.\85

(17d,572,.5041!) (19d,7539,.\81!)

ôFs (16d,\822,.76!) (17d,926,.53\8!) (17d,5539,.002!) (19d,769,.9504!)

6»P53d,1

7

153d,19\8,.67

5

153d,12504,.15 (16d,16\8,.\85!) (16d,15046,.92!)

6
12d,\85041,.50400

(12d,9\89,.532!)

1

12d,766,.61
200

12d,91504,.53504

\8
153d,9504504,.\86 (153d,\857,.5045!)

6

1504d,00005,.5042

2

15d,\811,.56

(15d,9009,.5047!) 15d,9536,.653

6,.F504

6»F>

504
12d,15300,.953

(12d,2700,.66!)

53
12d,196,.26

6

153d,253504,.5045

(153d,537504,.62!)

(153d,15046,.\8\8!)

153d,2\86,.96

7
12d,95353,.51 (12d,\85046,.9\8!)

100

12d,9\87,.253

(15d,10000,.953!)

(15d,21\8,.006!)
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oSD..j a2D2 62D53 62D2 002F'504 aijiF'z aijiQiji aijiQiji

CSP..j
15IIA
5300d,553\8,.27

5041A
5300d,7006,.653

100IIA
5300d,5753,.100

53
153d,6953,.6504

CSPal (153d,55047,.26!)

O-JG'504
OIIIA
532d,\8\87,.91

500III
1\8d,1009,.2\8

53
1\8d,001504,.007

535III

1\8d,129,.9504

200
12d,91504,.53504

1

12d,\819,.005

(12d,911,.504\8!)

12d,\816,.27

C2F504

cijiijiFiji

100II

5353d,1100,.532

5311

532d,9\85,.67
\811

5353d,15504,.002

504IVA
16d,265,.59

(16d,15041,.00\8!)

504

16d,12\8,.6504

50400m
1\8d,2536,.500

1

1\8d,111,.\87

53IV
1\8d,5352,.5353
5300III

1\8d,227,.79

504
153d,005041,.500

200
12d,91504,.53504

6
5353d,553\8,.96

100

5353d,5045046,.\8504

2

5353d,7007,.22

5353d,61504,.\85

100IV
16d,69504,.2\8

IV
16d,6002,.002

16d,6\81,.91
7IV

16d,5\89,.6\8

50400III
1\8d,665,.16

OIVA
1\8d,7\800,.\87
25III

1\8d,6\8\8,.\85

4d2D'53
2

536d,\8700,.95

(536d,765,.\853!)

(537d,00539,.77!)

2

536d,95353,.5353

15IIIA
200d,0026,.\8504
7IIIA
19d,921,.17

1IVA
200d,001504,.5041
\8IVA

19d,900\8,.79

2IIIA
21d,997,.600

(21d,\892,.5353!)

(22d,1153,.553!)

2IIIA
22d,00007,.92

4dijiP2

4d»Pd,

1

536d,917,.53\8 (537d,00\86,.531!)
1

537d,125,.53504

15IIIA
200d,00753,.29

7IIIA
200d,00600,.\8\8
100IIIA
200d,10000,.536

12IV
19d,0012,.17
2IVA

1\8d,916,.5353

\8IV
1\8d,9153,.51

b̂G't

2

2504d,53\81,.504\8

(2504d,53500,.\853!)

1 IIIA
2504d,50466,.\87

100IV
19d,1\86,.62
OIV

19d,155,.\8504

IVA
19d,1\853,.\82

100IV
19d,152,.9\8

4dFiji (539d,7200,.79!) (22d,\876,.15!) (2504d,\85047,.001!)

5300IV
19d,652,.0053

2
19d,65049,.16

100IV
19d,65041,.5353cPFz (539d,\8\81,.25!) (22d,\855,.\89!) (2504d,955,.001!)

âDa âDz âF's âF' a*F',. c<F'-:

âG'a

5504Fs

b*Fiji

b̂Fz

¥F2

6<D'504

¥T>'z

b*D'2

6<D'iji

10000II

17d,626,.21

200IIIA 75II

2IIA
2\8d,927,.\85

2\8d,\85504,.6504

OIIIA
531d,1007580;-006
OIIIA

531d,005047,.5046

(531d,0000504,.5300!)

anijialA
532d,6\853,.2\8
anijialA

532d,62\8,.57

(532d,504\800,.\89

17d,512,.52 17d,579,.59
2IVA 5300IIIA
17d,5041\8,.91

2

29d,0022,.900

0000IIIA
531d,216,.0053
OIIIA

531d,172,.71

(532d,696,.\8504!)
IIIA

532d,659,.600

(532d,6537,.50400!)

17d,504\85,.953
2IVA

500II
17d,553\8,.5\8
25IIIA

17d,50412,.66 17d,50465,.19

200III

19d,750400,.5504

600II 5300III
19d,59\8,.009 19d,665,.17 19d,717,.67

25 III 500II

5045IIIA
17d,5002,.92

75II

19d,6753,.653

100III

19d,6005,.50400 19d,65\8,.153
15III

16 III

19d,696,.\82
50400II

19d,61504,.97 19d,652,.6\8

50400III 6III 1

21d,007504,.253 21d,15041,.5300 21d,1953,.\87
5300III 5300III IIIA

21d,00\86,.653 21d,1539,.200 21d,176,.\86
200III 5300III

21d,1001,.653 21d,1539,.200
16 III

21d,117,.5046
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a*D504 a*D53 ffalDa a*T>iji b*F'6 b*F'iji b*F'53 b*F'iji

âFiji

25III

1\8d,550400,.5\8

6IVA
1\8d,6\85,.536

IIVA
1\8d,\8100,.59

Wijialal
1\8d,59\8,.531

\8IV
1\8d,7253,.5047
IIVA

1\8d,\8007,.504504

7III

1\8d,666,.53504

6IVA
1\8d,7600,.5300

100IV
1\8d,717,.6\8

12IVA
17d,\879,.\85

504IV
1\8d,002504,.72

2
17d,\8200,.0000
100IIIA
17d,96504,.953

2

1\8d,00900,.12

53
17d,916,.99

7IV
1\8d,005042,.12

1

1\8d,126,.006

2
1\8d,00007,.006

504
1\8d,0091,.006

aijiB'2

5300III

1\8d,5356,.537
\8III

1\8d,50426,.153

\8III

1\8d,269,.16

15IIIA
1\8d,53539,.0053

5III
1\8d,5045&2\8

6III

1\8d,2\81,.\85
2

1\8d,504001,.1504
7III

1\8d,504153,.1504

100III

1\8d,536\8,.51
6III

1\8d,53\800,.6504

7IV
17d,695,.653

2
17d,6535,.72

6IV
17d,7005,.66

(17d,5\87,.\8\8!)
IIVA

17d,657,.65
2IV

17d,776,.96

(17d,622,.653!)
2

17d,75041,.\8\8
53IVA

17d,7653,.\86

ffal«P53

C*P2

ĈPiji

100IV
15d,996,.6\8

504
15d,900\8,.653

\8IV
16d,96504,.27

(16d,\851,.53\8!)

16d,9007,.006

15d,91\8,.7504

OIV
15d,\87504,.200

504IV
15d,\8\86,.16

C2D'53
2

(1\8d,5504504,.536!) 1\8d,50457,.5353
504IIIA

1\8d,53\853,.2\8

5III

1\8d,5040000,.16

53IIIA
1\8d,5326,.002 (1\8d,2953,.539!)

(17d,\8253,.900!)

1

17/775,.9\8
53IVA

17d,7001,.7504

(17d,750400,.\86!)

(17d,666,.71!)

b*F'z -JHP'a fft,.P'iji âGe a*Gs a*Qiji a*G53

a<F6

a*Fiji

100III 1

2504d,00001,.71 253d,9531,.15
100III

2504d,0075,.9\8

(253d,\876,.006!)
1

250400200,.900
7III

2504d,15046,.11

(253d,979,.504504!)
2

2504d,100504,.72

5III

2504d,1\8\8,.700

a*F$

o<Fa

C*D'504

âD'53

6IIIA
200d,5361,.96
1 IVA

200d,504531,.67

(200d,5500,.92!)

2IIIA
200d,537504,.\853

1 IV
200d,504953,.\853

(200d,5006,.006!)

(200d,50471,.0000!)
1 IVA
200d,504\853,.00\8

a<P53

aijiPa

a*Piji

5

1\8d,00001,.5045
2

1\8d,0057 1\8

53

17d,9504504,.536

1\8d,000000,.12
53

1\8d,Oijial,.753

53

17d,977,.007
Op?

17d,9\8\8,.\81

a2D'53
a2D'2

(200d,55049,.002!)

(200d,50476,.\8\8!)

(200d,504953,.00504!)

(200d,5041\8,.900!) (200d,5397,.96!)
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ĉF's ĉF'iji ĉF's C<F'2 b̂Uiji &*D53 ¥1!)53 6«Diji

âFiji

âFs

aijiF2

2IIIA
2504d,6504504,.531

(2504d,7\89,.11!)

2504d,577,.2504
53IIIA

2504d,722,.532

(2504d,\85047,.51!)

IIVA
2504d,6753,.1504
2IIIA

2504d,79\8,.5042

(2504d,\8\82,.5047!)

001V
2504d,76504,.69
anijialA

2504d,\8504\8,.65

2

253d,7753,.535

(253d,91\8,.007!)

2

253d,\8753,.21

(253d,99\8,.5047!)

1

253d,965,.1\8

(2504d,005049,.200!)

1

2504d,002\8,.71

504III

2504d,504600,.005

2

2504d,53953,.200
53III

2504d,50462,.9\8

(2504d,53504504,.\8\8!)
2IIIA

2504d,5041504,.006
53IIIA

2504d,65353,.22

(2504d,53\800,.17!)

0000
2504d,50499,.19
2IIIA

2504d,611,.56

5III

253d,5\89,.19
2IIIA

253d,65\8,.69

IIVA
253d,5504504,.536
53IIIA

253d,6153,.\8\8
2

253d,75353,.17

2IVA
253d,5\800,.6\8
2IIIA

253d,699,.\86
2

253d,711,.95

IIVA
253d,679,.5504
2IIIA

253d,691,.600

oijiPs
6III

21d,22\8,.52
1

21d,1\853,.500
53

21d,2539,.16

(21d,1500,.2504!)

1

21d,2005,.\87
1

21d,217,.71

a<Pa (21d,1\85,.51!)
1

21d,197,.535300504Pal

âD's
2UIA

2504d,6\81,.253 (2504d,5532,.26!) (2504d,5049\8,.5049!)
1

2504d,5042504,.537

(2,.53d,777,.153!) (253d,7532,.21!) (253d,69\8,.99!)
1

253d,62504,.\87
1

253d,600504,.5046a2D'2 (2504d,5045\8,.12!) (253d,65\8,.007!)

e*F'iji êF',. e*F'53 'F'% r*F'5 ffF'iji ffF'iji t̂F't

âFiji

âFiji

âFs

âFa

a*P53

aWz

53IIIA IIIA
29d,0099,.0053 2\8d,9900,.0000

2 2IIIA
29d,250453,.9\8 29d,153504,.6504

2IIIA
29d,259,.\82

2ijianA 0000
2\8d,91504,.\800 2\8d,\8005,.5041

anijialA
2\8d,\875,.21

OIIIA
29d,0027,.\800
2IIIA

29d,152,.99
1

29d,2\86,.97

0000
2\8d,76\8,.52

2\8d,\8\87,.\81

OIIIA
29d,0066,.5045
2IIIA

29d,1500,.61

2\8d,\80000,.\85?
1IIIA

2\8d,\8153,.153

(2\8d,9953,.66!) (2\8d,\8\86,.7\8!)

(2\8d,\811,.6504!) (2\8d,726,.200!)

1 1

532d,297,.1\8 532d,005045,.5041
1 1

532d,5045041,.700 532d,1\89,.\86
24d

532d,006504,.5041
1 1

(532d,5315,.29!) 532d,1\89,.\86 532d,15042,.56al

1;

(532d,2753,.77!) 532d,226,.53\8

(532d,112,.7\8!) (531d,\8600,.97!)

(531d,95300,.753!) (531d,\8005,.21!)

(531d,92504,.50453!) (531d,\877,.1\8!)

(531d,\8\89,.2504!)
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4d*F'5 4d*F'iji 4dF'z 4dF'iji eijiF's e504F'504 êF'? êF'2

a*G'6

6

12d,7\81,.5504

53

12d,\895,.153

5

12d,\825,.7504

2

12d,919,.537

(15d,\822,.005!)

a<G'5
504

12d,\86504d,72

(15d,9535,.6504!) (15d,\826,.5504!)

a*Q'504 (12d,9\8\8,.\81!) (15d,9200,.17!) (15d,\8153,.5300!)

aijiQ'a (12d,992,.700!) 12d,9537,.953 12d,\899,.007 (15d,\8\86,.653!) (15d,\80000,.19!)

b*Fiji (100d,753504,.200!)

6

153d,77504,.9\8 (153d,665,.56!)

5041al
1

6504F504 (100d,750400,.535!) (153d,\8500,.25!) 153d,750400,.\8\8 153d,653504,.11

153d,6953,.6504
1

153d,6007,.536
2

153d,6500,.50400

bijiFiji (100d,75045,.100!) (153d,\80000,.61!)

6504F2 (100d,75049,.532!) (153d,726,.\8\8!)

6*D'504 (12d,53\8504,.0053!)

(12d,5319,.553!)

(12d,2500,.29!)

(12d,1\87,.6\8!)

âF's âF'iji âF'iji a2P'2 aap'iji

15IIIA 6 IIIA 2IVA IIV
âS'..j 200d,179,.\8504 200d,2531,.92 200d,2600,.\86 x̂D'a 21d,750400,.53504

IIIIA 2IV
15IIIA 100IIIA T-JT>'2 21d,6\86d,15 21d,766,.5047

b*Fz 200d,657,.\800 200d,7009,.\853
7IIIA 53IVA \8IIIA 53III 5III

b̂Fiji 200d,6001,.5047 200d,6553,.504504 200d,6\82,.500
7IIIA 1IIIA

ôS'iji 21d,\856d,6504 21d,9537,.002

&504Piji 200d,622d,72 200d,651,.7504
ŷB'd,

anijialA
29d,\85049,.1504

1 IIVA
..j/2D'a 29d,751,.00\8 29d,\8531,.51

Tabale6gijivesaalijistoffaalalthearcalijianeswhijichhavebeeancalassijiffijie4dd,

aan4d ijis arraange4d alijike Tabale 53,. Mostoff the alijianes are takeanffrom

Meggers'spaperd,someffromKijiang'salijistd,affewffromExaneraan4dHaschekd,

aan4daanumberd,whijichwereffouan4daan4dmeasure4dbyoaneoffus(H,.N,.R,.!)

oantheposijitijivesseantbyDoctorKijiangd,areherepubalijishe4dffortheffijirst

tijime,. Forcoanveanijieanceoffreffereancethealatterarecoalalecte4dijian Tabale

7,. Theijianteansijitijies are estijimate4droughalyoanKijiang'sscaaled, aan4dthe
temperaturecalassesd,wheangijiveand, refferoanalytoalijianeswhijicharecoan580;-
spijicuousalyijianteansijiffijie4d ijian theffuranace,. Thoughmaanyoff these alijianes

areffaijiantd,theijirreaalijityijisassure4dbytheijiragreemeantwijiththeposijitijioans
compute4dffromthecombijianatijioanprijiancijipaled,the average4dijiscor4daanced,

±00,.0019Ad,beijiangasgoo4dastheprecijisijioanoffthemeasuresa4dmijits,.
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[Voal22

X 00580;-C
Iantean580;-
sijityM

Ianteansijity
aan4dCalassK p Terms

2d,692,.7\8

2d,7006,.7\8

2d,7007,.95

2d,711,.536

2d,965,.\86

+53
+6
+504
+504

1

2

1

2
2

537d,125,.53504

536d,95353,.5353

536d,917,.53\8
536d,\8700,.95

5353d,7007,.22

a2D2580;-4d2Pal
a2D2580;-4d2D'2
âDs580;-4dPa

a2D2580;-c2D'53

2d,97504,.001

2d,9\800,.7504

2d,9\8\8,.95

53d,0015,.535

53d,0019,.5353

+2

580;-2

5

6
100
\8
100

\811
100II

5353d,61504,.\85

5353d,553\8,.96
5353d,5045046,.\8504

5353d,15504,.002

5353d,1100,.532

C2D2580;-C2D'2
a2D53580;-C2D'53
o2D53580;-c2D'a
a2D2580;-c2F53
a2D53580;-c2F504

53d,005300,.7504

53d,00539,.76

53d,0061,.0000
53d,006\8,.17

53d,00753,.5353

580;-53
580;-1
580;-1

53 5311
OIIIA
OIIIA
IIIIA
anijialA

532d,9\85,.67

532d,\8\87,.91
532d,659,.600

532d,5\853,.2\8

532d,52\8,.57

a2D53580;-c2F53
a2D53580;-c2G'504*
a2D2580;-b̂D'2*

a2D53580;-6̂D'53*

53d,00\81,.56

53d,0095,.535

53d,1002,.15

+1
580;-1

1

1

1

532d,5045041,.700
532d,297,.1\8

532d,226,.53\8

aijiFiji580;-ffijiF'iji?
a504F6580;-/«F'5?
a504F2580;-/504F'2?

53d,1005,.67 +2d,580;-1 1 532d,1\89,.\86
..jaijiFiji—ffijiF'iji?
ijiâFz580;-pF'z?

53d,1100,.2504

53d,117,.\82

53d,119,.67

53d,2002,.56

53d,2007,.001

580;-1
+1
580;-2
580;-2
580;-1

1

24d
1

Ny?

(0000!)IIIA
(00!)IIIA

532d,15042,.56

532d,006504,.5041

532d,005045,.5041

531d,216,.0053

531d,172,.71

aijiF53580;-ff'F'2?
aijiFiji580;-pF'z?
aijiFs580;-ffF'iji?
002D2580;-6̂F53
a2'D2580;-¥F2

53d,2153,.7\8

53d,219,.95

53d,255,.69
53d,269,.91

53d,2753,.6504

580;-1
+1

504

100
15

(00!) IIIA
(00!)IIIA
6IA
15IIA
20011A

531d,1007,.006

531d,005047,.5046

5300d,7006,.653

5300d,5753,.100
5300d,553\8,.27

âDs580;-b̂Fiji
âDiji580;-bijiFs
C2D2580;-C2P2
a2D2580;-c2Piji
a2D53580;-c2P2

53d,535049,.22

53d,5351,.200
53d,53600,.26

53d,50416,.6\8

53d,5041\8,.553

(00!)

?̂
+1
580;-2

?

?

?

2

IIIIA
IIVA
IIIIA
2IIIA
2

29d,\85049,.1504

29d,\8531,.51

29d,751,.00\8
29d,259,.\82

29d,250453,.9\8

002P'2580;-I?2D'53?
C2p'..j_..jd,2D'2?
a2P'2580;-?/2D'2?
C504F53_g504F'504
aijiFiji580;-êF's

53d,50419,.535

53d,50429,.200
53d,50429,.504\8

53d,504531,.536

53d,504535,.56

580;-1

1

2
2
2

53

53IIIA
53IIIA
53IIIA
5IIIA

29d,2536,.97
29d,152,.99

29d,1500,.61

29d,153504,.6504
29d,0099,.0053

aijiF2580;-eijiF'53
âFs580;-êF's
aijiFiji580;-êF'iji
aijiFiji580;-êF'iji
aijiFiji580;-eijiF'5

53d,504539,.5041

53d,50450453,.99
53d,504504504,.57

53d,504504\8,.504\8
53d,50455,.\89

+1
580;-1

580;-2

?

?

?

IIIIA
IIIIA
(2!) (IIA!)
IIIIA
(2!) (IIA!)

29d,0066,.5045

29d,0027,.\800

29d,0022,.900
2\8d,9900,.0000

2\8d,927,.\85

aijiFz580;-êF'2
aijiFiji580;-êF's
âT>2580;-aijiG'53
âFiji580;-eijiF'iji

53d,50457,.5045

53d,504600,.6\8
53d,50462,.19
53d,5046504,.67
53d,50469,.65

+1

+2

2

1

1

53IIIA

2IIIA
(0000!) (IIA!)
IIIIA

2\8d,91504,.\800
2\8d,\8\87,.\81

2\8d,\875,.21

2\8d,\85504,.5504

2\8d,\8153,.153

aijiD'iji580;-êF'iji
aijiD'iji580;-êF'z
aijiB's580;-êFU
aiji580;-Dz580;-âQ'iji
aijiD'iji580;-eijiF'2

53d,504700,.5\8
53d,50471,.153
53d,50475,.0053
53d,5049\8,.91

53d,9007,.5049

+2
+\8?? 1

2

50400

(0000!)

0000
2IIIA
75II

2\8d,\8005,.5041

2\8d,\80000,.\85
2\8d,76\8,.52

2\8d,572,.1\8

25d,5\8504,.65

aijiT>U580;-e*FU
a504D'2580;-e504F'2??
aijiD's580;-eijiF'z
aijiF&580;-cijiDiji?
a2D2580;-62F53

53d,911,.\81

53d,95353,.537

53d,996,.61

504d,00200,.50400
504d,00253,.253

+1

600
100

15
600
1

10000II

200II
53001
75II

2IIIA

25d,556,.50400
25d,50416,.532
25d,001504,.16

2504d,\866,.1504

2504d,\8504\8,.65

a2D53580;-&2F504
C2D53580;-62F53
a2D2580;-62D'53
002D2580;-&2D'2
00504F2580;-ĈF'53

504d,00253,.69

504,.005300,.67

504,.00531,.53\8
504d,0053504,.253

504d,00536,.\87

+2
+1

700
53

2
1

10000II

2IIIA •

2IIIA
2IV

2504d,\85046,.\81
2504d,\8002,.7\8

2504d,79\8,.5042

2504d,7\800,.900
2504d,76504,.69

a2D53580;-62D'53
a2D'53580;-/2D53
00504F53580;-C<F'53
00<D'2580;-/2D2
aijiFs580;-ĉF'iji

Photographe4dbyKijiangijianffuranace,.
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53553

504d,0050453,.79

504d,005046,.504\8

504d,005047,.79

504d,005049,.95

504d,0051,.\85

504d,005504,.5504

504d,0056,.59

504d,0067,.0000

504d,0067,.66

504d,007504,.96

504d,007\8,.56

504d,00\800,.002

504d,00\82,.50400

504d,00\86,.001

504d,00\86,.66

504d,00\87,.15

504d,00953,.12

504d,009504,.\85

504d,009\8,.535

504d,10000,.532

504d,15353,.0000

504d,150400,.29

504d,15047,.50400
504d,152,.535

504d,1600,.52

504d,161,.\87

504d,165,.200

504d,171,.55

504d,177,.504\8

504d,1\87,.62

504d,2002,.19

504d,200504,.5504

504d,2005,.21

504d,212,.5353

504d,212,.5046

504d,216,.100

504d,21\8,.25

504d,219,.72

504d,221,.\87

504d,225,.59

504d,2531,.6504

504d,25353,.61

504d,2535,.5300

504,.253\8,.006

504d,2539,.57

504d,25046,.11

504d,53504\8,.553

504d,535\8,.6504

504d,5375,.1\8

504d,53\81,.2504

504d,53\81,.\85

504d,53\89,.600

504d,55042,.55

504d,5504504,.6\8
504d,557,.253

5753,.99
57\8,.9\8
592,.9504
59\8,.5046
6009,.95

504d,6100,.5041

504d,675,.553

504d,7006,.97

504d,7009,.5353

504d,711,.753

580;-1
580;-2
+1

+1
+2
+504

580;-1

580;-2

+1

(00!)

+1
580;-1

580;-53

580;-504

+1
+1
580;-2

+2

580;-2

580;-2
580;-9
580;-2

580;-53

+1

580;-1

580;-504

580;-2
580;-1

Iantean580;-
sijityM

Ianteansijity
aan4dCalassK

2IIIA
2IIIA
251
2ijianA
IIVA

5351
504IIIA
2anijiA
1

2ijianA

2IIIA
0000
504001
anijialA
504ijian

\8ijian

ijimA

saniji
100ijian

12m
1

12ijian

Y?

2ijianA
2ijianA
IIVA
2ijianA

53ijianA

6ijian
2IVA

IIVA
trIVA
504IIIA
anijialA
trIIIA

2IVA
2IIIA
5IIIA
5III

6III
IIVA
53IV
53IV
(OanijiA

5ijian

2504d,722,.532
2504d,7005,.\8\8
2504d,697,.\89
5042d,6504\8,.71

2504,.6753,.1504

2504d,656,.77

2504d,6504504,.531

2504d,5\81,.253

2504d,577,.2504

2504d,55353,.22

2504d,511,.56

2504d,50499,.19

2504d,504\8\8,.51

2504d,50466,.\87

2504d,50462,.9\8

2504d,504600,.005

2504d,5042504,.537
2504d,5041504,.006

2504d,53953,.200
2504d,53\81,.504\8

2504d,1\8\8,.700
2504d,15046,.11

2504d,100504,.72

2504d,0075,.9\8
2504d,002\8,.71

2504d,00200,.900
2504d,00001,.71

253d,965,.1\8

253d,9531,.15

253d,\8753,.21

253d,7900,.50453
253d,777,.1504

253d,7753,.535

253d,75353,.17

253d,7532,.504504

253d,711,.95
253d,699,.\86

253d,691,.600

253d,679,.5504

253d,65\8,.69580;-

253d,62504,.\87

253d,6153,.\8\8

253d,600504,.5046

253d,5\89,.19

253d,5\800,.6\8

253d,5504504,.536

22d,9\89,.\853

22d,9536,.51

22d,\85049,.\800

22d,\81\8,.200

22d,\815,.002

22d,77504,.7504

22d,00007,.92

21d,997,.600
21d,9537,.002

21d,\856,.6504
21d,\8532,.\82

21d,766,.5047

21d,750400,.53504

21,.6\86,.15

21d,6\853,.99

21d,53\81,.99

21,.2539,.16

21d,22\8,.52

21d,217,.71

Terms

aijiFiji

a2D2580;-
00<F5580;-

a<F5580;-
a<D'2

C<F'504

580;-/2D53

580;-P580;-Dz
580;-ĉF'..j

580;-&2Pald,2
580;-C<F'6

580;-C504F'504
580;-cijiF'iji

580;-cijiF'iji

aijiB'iji580;-cijiF'2
aijiB'iji580;-cijiF'iji
a2D53580;-&2Pald,2
a53F'53580;-62G'504
aijiD'iji580;-4dF'iji

a*D'iji580;-c*F'iji
a2D'2580;-c504F'2
ĉD's580;-cijiF'a
00504D'504580;-C<F'504
C2F'504580;-62G's

a*F2580;-aijiG53
âFiji580;-âQiji
a*F53580;-aijiQiji
a*Fiji580;-a*Q5
a*F2580;-biji'Diji

aijiFiji580;-aijiQiji
aijiFiji580;-aijiOiji
aijiF53580;-biji'D2

aijiFiji580;-âQs
aijiFiji580;-bijiT>53

âFs—e504F'2
âT>'53580;-biji'D̂

00504F5580;-6<D504
C504D'2580;-6<D53
a2D'53580;-&<D53

aiji'D'iji580;-biji'D2

C504D'2580;-6̂D2

aijiI!)'2580;-biji'Diji

a504D'53580;-&'D504

ffal2D'2580;-6504D2
aiji..jy'iji580;-bijiDs
âD'2580;-bijiT>t
aijiD'iji580;-bijiBiji
a<D'53580;-6<D2

aijiDU580;-b̂Ds
aijiFiji580;-b'ijiF'53

a2D'53580;-62F'504
a*'D'2580;-b̂F'53
aijiD'53580;-bijiF\

aijiFz580;-b̂Qiji?
a2D'2580;-62F's
a2F'53580;-4d2D'2
a2F'504580;-4d2D'53
a2P'iji580;-a2S'iji?

a2P'2580;-a2S'iji?
a2D'53580;-e2D53
a2P'iji580;-2-:2D'2?
a2P'2580;-2;2D'53?

a2P'2580;-a;2D'2

a2D'2580;-e2D2
a<F53580;-62p'2
a«P2580;-6<D53
aijiFs580;-biji580;-Diji
a*Fiji580;-b*Diji
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X 00580;-C
Iantean580;-
sijityM

Ianteansijity
aan4dCalassK V Terms

504d,71504,.536

504d,716,.26

504d,717,.0053

504d,719,.53504

504d,7200,.\82

+2

580;-1
580;-1

r
r

(Fowaler!)

(00!)IIIA

21d,2005,.\87
21d,197,.5353

21d,1953,.\87

21d,1\853,.500

21d,176,.\86
aijiFs580;-b̂m
,.aijiF'2580;-bijiD'53

504,.72\8,.76

504,.729,.253 00d,+al

6

100

5III

5300III

21d,15041,.5300

21d,1539,.200

âF'iji580;-bijiB'iji
( a*F'53580;-b*D'53
\aijiF'2580;-b*D'2

504d,7532,.5300
504d,753504,.100

+2 2

15

2IVA
15III

21d,125,.504\8
21d,117,.5045

a2D'53580;-62P'2
âF'2580;-¥B'iji

504d,7537,.65

504d,75041,.002

504d,750453,.\81

504d,75046,.15

504d,7504\8,.97

580;-1
580;-1

+2
+2

200
5300
50400
?

?

200III
5300III
50400III

(1!)IVA
(1!)IVA

21d,1001,.653
21d,00\86,.653
21d,007504,.253

21d,00653,.\8504

21d,0051,.5353

a504F'53_..jd,504D'..j
a504F'504580;-6̂D'53
a*F's580;-¥I>'iji
aiji580;-D'iji580;-b̂F'iji

âD'a580;-b̂P'a

504d,7553,.16

504d,75\8,.91
504d,7653,.12

504d,779,.535

504d,791,.500

580;-504
+2

—1

12

1

1

200
5

15IA
(1!)IIIA
(53!)IVA
200IA
504IA

21d,00532,.77
21d,00007,.536

200d,9\8\8,.79

200d,917,.52
200d,\86504,.504\8

002D2—ĉFs
a504D'53580;-62P'a
a2D'2580;-62P'iji
âDs580;-âFiji
c2D53_a2F53

504d,\827,.2\8
504d,\85353,.66

504,.\8539,.504504

504d,\850400,.5046

504,.\850400,.\86
+1

100

\8
15

53
1

504IIIA
2IIIA
100IIIA
2IVA
tranijiA

200d,7009,.\853

200d,6\82,.500

200d,657,.\800
200d,6553,.504504

200d,651,.7504

a504p'..j_6504P53
âF'iji580;-¥Fiji
aijiF'53580;-¥F53
00504p'2580;-6504p..j
aijiP'iji580;-¥Fiji

504d,\85047,.67

504d,\852,.00\8

504d,\852,.67

504d,\859,.17

504d,\87\8,.16

+7?

+2
+504

7

1

I

1

53IIIA

2IIIA
(00!)IVA
(2!)IV

200d,622,.72
200d,60053,.9\8
200d,6001,.5047
200d,5753,.92

200d,504953,.\853

ĉP'a580;-ôPiji
âFs580;-4dDs?
âP'53580;-6̂P53

âD'2580;-6<P'2

504d,\8\800,.72
504d,\8953,.0000
504d,9006,.65

504d,9009,.75

504d,922,.\8504

+1
580;-1
580;-53

580;-1

?

1

2
5

504

(1!)IVA
(DIVA
(2!)mA
53anijiA
(2!)mA

200d,504\853,.00\8
200d,504531,.67

200d,537504,.\853

200d,5361,.96

200d,53007,.\82

o504D'iji580;-6504P'iji
a504D'53580;-6504P'\8
âD'iji580;-b̂F'a
aiji580;-D'iji580;-bijiF'iji

504d,953504,.25
504d,9535,.75

504d,95041,.531
504d,951,.6\8

+6
580;-1

,. 580;-2

2
2
6

1

(DIVA
(1!)HIA
2IIIA
(DIVA

200d,2600,.\86
200d,25504,.71

200d,2531,.92

200d,1\89,.55

c*P'iji580;-a«S'53
a504D'2580;-4d2D2
aijiF'2580;-âS'iji
a*D'53580;-4d2Ds

504d,95504,.006 00d,+2 15 5mA 200d,179,.\8504
ff âP'53580;-ffalS'2

\002D'2580;-4d2D53

504d,9753,.65
504d,9\800,.536
504d,9\853,.504504
504d,991,.91

(00!)
580;-2
+1
580;-1

100
15

7
15

53IIIA
504IIIA
2IIIA4d?
5IIIA

200d,10000,.536
200d,00753,.29
200d,00600,.\8\8
200d,0026,.\8504

62D2580;-4d2Pal
62D53580;-4d2P53
62D2580;-4d2P2
62D53580;-4d2D'53

504d,995,.001

6d,001\8,.539
5d,0021,.51
5d,006504,.531

6d,006\8,.\85

+2

+1

1

7

\8
200
5

(DIVA
(2!)anijiA
(2!)IVA
100m
2 III

200d,001504,.5041
19d,921,.17
19d,900\8,.79
19d,750400,.6504

19d,722,.\86

62D2580;-4d2D'53
62D53580;-4d2D'a
62D2580;-4d2D'a
a*F'iji—¥Fiji
a2D'53580;-c2D53

5d,00700,.21

5d,0075,.\81
5d,00\81,.56
5d,00\853,.72
5d,00\85,.5504

+1
580;-53
580;-1
580;-2

5300
15

75

600
500

50400HI 1

100 III

125an
\800 II
50400an

19d,717,.67
19d,695,.\82

19d,6753,.653
19d,665,.17

19d,65&153

a*F'z580;-bijiFiji4d1
a*F'2580;-b*F53
aijiF's580;-¥Fs
a*FU580;-bijiFiji
a*F'53580;-b*F53

5d,00\86,.95
5d,00\87,.12 580;-1

50400
5300

50400an
100IV?

19d,652,.6\8

19d,652,.0053

a*F'2580;-bijiFa
(HQiji580;-4dFiji

6d,00\87,.\86

5d,00\89,.\89

+1

(00!) 100

2

\8IV

19d,65049,.16

19d,65041,.5353

..jaijiQ̂580;-4dijiF̂
WD'2580;-c2D2
c2Q504580;-4d2F53

6d,0096,.753
5d,0099,.22

5d,1001,.12

6d,1007,.537
6d,2100,.52

+53
580;-2
+1

15

25
100

1

100

5300 III
50400 III
200III

200IV

19d,61504,.97
19d,6005,.50400
19d,59\8,.009
19d,57504,.11

19d,1\86,.62

c<F'53580;-6<F53
a*F'iji580;-b*F53
a*F'B580;-b*Fiji
c2D'2580;-c2Da
a-JQiji580;-bijiQ'iji
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X o580;-c
Iantean580;-
sijityM

Ianteansijity
aan4dCalassK V Terms

5d,211,.2\8

5,.21\8,.\89

5,.219,.67

5d,25\8,.5353
5d,2\8504,.97

+1
?

?

12

2

(00!) IVA
(00!) IV
100IV
15IV
trIVA

19d,1\853,.\82

19d,155,.\8504

19d,152,.9\8

19d,0012,.17

1\8d,916,.5353

580;-

a2G5580;-&2Q'504
âGiji580;-bijiQU
a2G6—âHe
a2G6580;-a2H5

5d,2\85,.76

5d,53001,.9504

5,.531504,.6\8

5,.5315,.57

5d,53253,.009

—1

+2
+504

\8
504
1

1

100IV ,.

2IIA
trIVA
trIVA
trIVA

1\8d,9153,.51

1\8d,\855,.79

1\8d,\8100,.69

1\8d,\8007,.504504

1\8d,7\800,.\87

a2G504580;-a2H5
c2D2—a2P2
a<F53580;-âD504
a<F2580;-âD53
a2F'53580;-c2D'53

6d,53531,.77

5d,53539,.5041

5d,535041,.006

5d,535042,.96

5d,535049,.5300

+2
+2

—1

6

\8

100

9

25

53IVA
\8IV
\8IV
100 IIA
600III

1\8d,7500,.5300

1\8d,7253,.5047

1\8d,717,.6\8

1\8d,711,.0053

1\8d,6\8\8,.\85

âF2580;-âDiji
a2D2580;-a2Piji
C2F'53580;-C2D'2

5d,535049,.71

5d,53500,.5300

5d,5355,.75

5d,5356,.009

5d,5375,.53504

+1
580;-1

580;-1
580;-1

7

6

7

50400

200

15IIA
504IVA
\8ijian
600 III

200ijian

1\8d,6\87,.5042

1\8d,6\85,.536

1\8d,666,.53504

1\8d,666,.16

1\8d,59\8,.531

a2D53580;-a2P2

aijiF53580;-aijiD2
a2F'504580;-c2D'53
âFiji580;-aijiDz

5d,53\853,.00\8
5d,5392,.00\8

6d,5399,.53504

6d,504002,.72

5d,50416,.12

580;-53

+504
+1

25

5

(2!) IA
5300 III

(53!) IA
(5!) IA
2aniji

1\8d,571,.57

1\8d,650400,.5\8

1\8d,615,.6504

1\8d,600504,.006
1\8d,5045\8,.2\8

C2D2580;-âP53
a*F5—aiji'Diji
a2D2580;-a504P2
g2D2—a<Piji
a*D'2580;-a*T>z

5d,50416,.50400
5d,50422,.5300
5d,50425,.57
6d,50429,.50400

5d,504532,.536

580;-1
580;-2

+2

2
1

\8
7

2III

2ijian
(1!) IA

1\8d,50457,.5353

1\8d,504537,.25

1\8d,50426,.153

1\8d,504153,.1504

1\8d,5040053,.100

a2D'53580;-G504D53
a2Piji580;-62p'2
a-JD'53580;-a504D504
âD'iji—aijiD2
a2D53580;-a504P53

5d,504532,.9504

6d,5045353,.253

6d,50453\8,.22
6d,504539,.0053
5d,5045042,.59

580;-2
580;-1
580;-53
+2

2?
,. 6

504

6

100

2ijian
1 ijianA
2ijian
2ijian

1\8d,504001,.1504

1\8d,5040000,.16

1\8d,53\853,.2\8

1\8d,53\800,.6504

1\8d,536\8,.51

c'ijiD'2580;-a504D2
a2D'53580;-c504D2
a2D'2—âDs

aiji580;-D's580;-aijiDiji

6d,5045046,.19

5,.5045047,.539
5d,504504\8,.\8504

5d,50451,.53504
6d,50456,.21

580;-2
+53
+1
580;-1
580;-1

5300

53

15

53

200ijian
1IV
(I A!)
6IIIA
1 IIIA

1\8d,5366,.537

1\8d,5352,.5353

1\8d,535047,.5045

1\8d,53539,.0053

1\8d,5326,.002

C2F'53580;-C2F504
a2D53580;-a504P2

c2D'2580;-âD2

5d,50465,.200
5d,5046\8,.539
5d,50472,.19

6d,504\81,.99

5d,504\8504,.61

580;-1
580;-1
+53
+1
•1

53

6

\8
50400
5300

trIVA
2III
53ijian

10000III

\800III

1\8d,292,.62

1\8d,2\81,.\85
1\8d,269,.16

1\8d,2536,.500

1\8d,227,.79

a2P2580;-ffc2p'2
aiji'D'53—aijiT>2

a2F'504580;-c2F504
a2F'53580;-C2F53

6d,51504,.21

5d,515,.539

5d,519,.71

5d,6200,.500

5d,526,.006

+2
+1

580;-1

535

1

600
504

\800III

1

10000III

1\8d,129,.9504

1\8d,126,.006
1\8d,111,.\87

1\8d,1009,.2\8

1\8d,0091,.006

a2F'53580;-a2G'504
aijiF2580;-b<F'53
a2F'504580;-c2F53
a2F'504580;-a2G'5
aijiFiji580;-bijiF'a

5d,526,.535

6d,5536,.50453

5d,55041,.005

5d,55046,.50400
5d,55049,.6\8

580;-504
+2
580;-2

2
7

504
53

2

53IV
1 IV

1\8d,00900,.12

1\8d,0057,.1\8

1\8d,005042,.12

1\8d,002504,.72

1\8d,001504,.007

aijiFs580;-b̂F'iji
a504P2_5504p'53
ôFs580;-fft̂F's
aijiFiji~b*F's
a2F'504580;-a2G'504

5d,5500,.50400
6d,551,.\8504

5d,5553,.57

5d,5553,.9\8

5d,557,.5047

580;-1
+504
580;-2
580;-53
—1

53
2
6

Op

1\8d,0011,.753

1\8d,00007,.006

1\8d,00001,.5045
1\8d,000000,.12

17d,9\8\8,.\81

a504Piji_5504p'2
aijiFiji580;-¥F'2
C504P53_̂504p'53
a504pd,_bijip'2

a<Fiji580;-b*F'iji

6d,561,.100
5d,66504,.\86

6d,671,.2504

6d,679,.75

6d,591,.53504

580;-2

580;-2
+1

53
100
53

53

12

504IIIA

15IVA

,. 17d,977,.007
17d,96504,.953
17d,9504504,.536
17d,916,.99

17d,\879,.\85

a504P2580;-6504p'd,
o*Fiji580;-b*F'iji
âFiji580;-b̂F'a
a*Fiji580;-¥F'53
ôF\8580;-6<F'ffiji
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5d,5953,.539 +1 6 17d,\8753,.5300 c2F504580;-62r'504
5d,600504,.19 580;-1 53 IIV 17,.\853\8,.\85 002F53580;-62F'53
5d,600\8,.900 +1 1580;- 17d,\8253,.\87 aiji580;-D'z580;-¥Y\
5d,6100,.12 +53 2 17d,\8200,.0000 00504F5580;-6504F'504
5d,6253,.700 580;-2 2 IIV 17d,776,.96 00504D'2580;-6<F'53

5d,62504,.001 +1 1 17d,775,.9\8 âD'53580;-6<F'\8
5d,6531,.002 53 IIVA? 17d,7553,.\86 aiji580;-D\580;-¥¥'2
5d,653504,.\82 580;-504 2 17d,75041,.\8\8 00504D'2580;-6504F'2
5d,65046,.537 +1 6 504IV 17d,7005,.59 a504D'53580;-6504F'504
5d,65047,.600 +53 53 1IVA 17d,7001,.7504 a2D'2580;-6504F'53

5d,65049,.55 580;-1 7 6IV 17d,695,.653 c504D'504580;-6504F'5
5d,661,.700 1 tralVA 17d,657,.65 âD's580;-b̂F's
5d,66\8,.7504 +53 2 17d,6535,.72 aijiD'iji580;-ĥY'iji
6d,671,.\800 10000 20000II 17d,626,.21 âF's580;-âG'e
5d,6\86,.\8504 76 1500II 17d,679,.59 âF'iji580;-âG'..j

5d,691,.5353 ? (00!) IV 17d,565,.72 002Pal580;-4d2D2
5d,70000,.1504 580;-1 500 10000II 17d,553\8,.5\8 aiji¥'z580;-aijiQ\
5d,700\8,.62 200 15 IIIA 17d,612,.52 a<F'5580;-a<G'6
5d,711,.75 5045 10000IIIA 17d,5002,.92 aiji580;-F'580;-iji580;-aijiQ'z

5d,717,.5300 +1 5300 15 IIIA 17d,504\85,.953 Qiji'F'iji580;-aijiQ'iji

5d,7200,.95 580;-2 1 trIV 17d,5047504,.7\8 a2P2580;-4d2D53
5d,72504,.009 +1 25 15 IIIA 17d,50465,.19 o504F'53580;-a<G'53
5d,7539,.5300 580;-2 2 2IVA 17d,5041\8,.91 âY'iji580;-âG'iji
5d,75041,.536 580;-53 2 1 IVA 17d,50412,.66 âY'iji580;-aijiQ'z
5d,\89504,.653 +53 53 (2!) IV 16d,959,.900 a2Piji_c2D2

5d,919,.11 +504 5 trIVA 16d,\8\89,.76 a2P2580;-c2D53
5d,961,.5049 580;-1 6 504IV 16d,769,.69 a2F504580;-e2D53
5d,969,.19 5 53IV 16d,7504\8,.006 a2F53580;-e2D2
5d,9\8\8,.5042 100 200IV 16d,69504,.2\8 62D53580;-C2D'53
6d,992,.\86 580;-2 16d,6\81,.91 62D2580;-C2D'53

6d,0021,.700 +2 ? (00!) IV 16d,6002,.002 62D53580;-C2D'2
6d,0026,.1\8 +1 7 15IV 16d,5\89,.6\8 &2D2580;-C2D'2
6d,15046,.25 +53 504 (53!)IVA 16d,265,.59 62D53580;-C2F504
6d,1953,.66 580;-2 2 (53!)IIA 16d,15041,.009 a2D2580;-o504D'53
6d,19\8,.504504 504 (2!)IVA 16d,12\8,.6504 62D2580;-C2F53

6d,2100,.6\8 5300 20000IA 16d,0096,.\85 o2D2580;-a2D'2
6d,2531,.76 +2 (2!) (IA!) 16d,005042,.50400 a2D53580;-C504D'504
6d,2539,.50400 580;-2 \8 200IIA 16d,0022,.76 a2D2580;-a2D'53
6d,2539,.7\8 15 10000IA 16d,0021,.7\8 a2D2580;-G504D'2
6d,2504504,.51 +2

d, (1!) (I,.A!) 16d,00009,.65 a2D2580;-a504D'iji

6d,25049,.96 +1 100 15IV 15d,995,.6\8 c504P53580;-a<D504
6d,25\8,.97 +2 200 100001A 15d,972,.65 a2D53580;-a504D'53
6d,262,.26 +2 \8 100IV 15d,96504,.27 âPs580;-âDs
6d,2753,.16 ? (00!)IV 15d,953\8,.553 62D'2580;-/2D2
6d,276,.5300 —1 9 15IIA 15d,92\8,.56 C2D53580;-a2D'2

6d,2\800,.17 +2 53 15d,91\8,.7504 o504Piji580;-a<D2
6d,2\8504,.200 +5 504 15d,900\8,.553 aijiPs580;-ĉDs
6d,2\8504,.7\8 6 15d,9007,.006 a504P2580;-a<D2
6d,2953,.005 +2 504 (2!)IV 15d,\8\86,.16 âPiji580;-âDiji
6d,297,.79 +100 ? (00!)IV 15d,\87504,.200 a504P2580;-a504Diji?

6d,53005,.6\8 +2 50400 5040000IA 15d,\85504,.53504 a2D53580;-a2D'53
6d,53006,.0000 100 2001A 15d,\8553,.5504 a2D53580;-a504D'2
6d,5322,.7504 580;-2 2 15d,\811,.56 ffc2D'53580;-/2D53
6d,53504504,.\8504 +1 53 5IIA 15d,756,.5049 a2D2580;-a504F53
6d,5362,.2\8 +5 (2!) (I,.A!) 15d,7153,.5300 a2D53_a504F504

6d,537\8,.\853 +1 \8 50400IA 15d,672,.553 a2D2580;-c<F2
6d,504153,.537 +2 100 500IA 15d,5\8\8,.12 ,.a2D53580;-a<r53
6d,504504\8,.100 +1 2 IIIA 15d,500504,.17 a2D53580;-aijiF2
6d,557,.\8504 ^

]

2 ff

ff 15d,2504504,.65 a2F504580;-4d2D53
15IV ^

6d,55\8,.005 580;-11
I 15d,2504504,.253 a2F53580;-4d2D53

6d,71504,.600 580;-53 2 1504d,\8\8\8,.\82 62D'2580;-&<D53
6d,\819,.51 580;-2 200 1504d,659,.77 a2F504580;-002D53
6d,\829,.52 580;-53 15 1504d,653\8,.29 a2F53580;-c2D2
7d,153\8,.153 6 1504d,00005,.5042 62D'2580;-62F'53
7d,1009,.153 +\8 \8 153d,9504504,.\85 62D'53580;-62F'504
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7d,257,.56

7d,275,.55

580;-12?
+504

6
504h

153d,77504,.9\8
153d,750400,.\8\8

bijiFs580;-eijiF's
¥Fiji580;-c*F'iji

7d,530000,.65

7d,53253,.7\8

+5d,00

580;-2
53

2

153d,6953,.6504

153d,6500,.50400
\62D53580;-C2P2?
6504F53580;-C504F'2

7d,53532,.553
7d,535046,.9504

7d,52504,.11

7d,5553,.96

7d,57504,.504504

+504
580;-53

580;-1
+2

1580;-
1580;-
7

6
7

153d,653504,.11

153d,6007,.536
153d,2\86,.96

153d,253504,.5045

153d,19\8,.67

bijiFiji580;-êF'z
bijiF̂580;-êF'iji
bijiFiji580;-b̂F's
bijiFiji580;-b̂F'iji
62Pald,2580;-e2D53

7d,617,.5045

7d,665,.72

7d,697,.76

7d,727,.009

7d,729,.753

580;-7 6
504
100
2
7

153d,12504,.15

153d,005041,.500
12d,9\87,.253

12d,9537,.953

12d,95353,.61

&2Pijid,2580;-c2D53
âQiji580;-cijiFiji
bijiFs580;-b̂Ot
aijiQ'z580;-4d*F'53
b̂Fiji580;-b̂Qs

7d,753\8,.1\8

7d,75041,.200

7d,75042,.\82

580;-2d,580;-16d,+200

+504

2

200

1

12d,919,.537

12d,91504,.53504

12d,911,.5504

aijiG'iji580;-4dijiFU
{ a2G5580;-002G'6
< âQiji—ĉFz
[ 62D'2580;-62D2
âQiji580;-aijiG'6

7d,7500,.537

7d,752,.72

7d,771,.006

7d,7\85,.17

7d,79504,.6\8

(00!)

+2
580;-504
580;-53

504
53

504
6

5

12d,\899,.007
12d,\895,.153
12d,\86504,.72
12d,\85041,.50400
12d,\825,.7504

a504G'53580;-4d<F'2
aijiQ'5580;-4dijiF'iji
aijiQ'iji580;-4dijiF'53
62D'53580;-C2D53
o«G's580;-4d504F'504

7d,79\8,.75

7d,\80000,.504504

7d,\821,.6504

7d,\85300,.7\8

\8d,000053,.27

+2

+53
+5
580;-1

1

15

6
1

2

12d,\819,.005

12d,\816,.27

12d,7\81,.5504

12d,766,.61

12d,50491,.5046

a2G5580;-a2G'504

âG'e580;-4dF's
62D'53580;-C2D2
62Pd,d,2580;-62p'2

\8d,0050453,.504504
\8d,1\81,.532

\8d,196,.9\8

\8d,2539,.005
\8d,25041,.153

580;-\8
+504
580;-5
+7
580;-100

1

1

53

1

504

12d,50429,.00504

12d,219,.600
12d,196,.26

12d,15353,.99

12d,15300,.953

62Pd,d,2580;-&2P'al
ffc2D'2580;-&2P'iji
52F53580;-e2D2
ffe2D'53580;-62P'2

b2Fiji580;-êT!)ff

Tabale7,.

—

Newarcalijianes{ScI!)

Ianteansijity Calass o580;-c Ianteansijity Calass o580;-e

53d,00539,.76 IIIA 53d,50475,.0053 (0000!) _1
53d,0061,.0000 IIIA 580;-53
53d,006\8,.17 1 IIIA 580;-1 504d,0067,.66 1 +504
53d,00753,.5353 1 IIIA 580;-1 504d,00\800,.002 0000 +504
53d,2002,.56 0000 IIIA 580;-2 5d,53\853,.00\8 (2!) alA 580;-53

5d,5399,.53504 (53!)

(5!)

IA +504
53d,2007,.001 IIIA 580;-1 5d,504002,.72 alA +1
53d,2153,.7\8 IIIA 580;-1
53d,219,.95 IIIA +1 5d,504532,.536 (1!) alA +2
53d,5041\8,.553 2 (*!) 580;-2 5d,519,.71 1 +1
53d,504504504,.57 (2!) IIA 5d,557,.5047

5d,66\8,.7504 ff
580;-1
+53

53d,50455,.\89 (2!) IIA 6d,253L76 (2!) alA +53
53d,504600,.6\8 (00!)

53d,5046504,.67 (0000!) IIA 6d,2504504,.51

[̂
alA +2

53d,504700,.5\8 (0000!) +2 6d,5362,.2\8 alA +6

Maybepartaly4duetoFe53d,5041\8,.51,.

The average 4dijiscor4daanced, wijithout regar4d to sijigand, betweean the

observe4daan4dcompute4dwavealeangths ijis ±00,.0015A—twijice as great
as ffor the spark alijianes,. Thijis 4dijiffffereance arijises maijianaly ffrom alarge

resiji4duaals ffor alijianesijianthere4daan4dijianffra580;-re4d,. For5504alijianeswijithwave
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aleangthsgreaterthaanX6d,2700theaverageresiji4duaalijis ±00,.005353d,whijialeffor

theremaijianijiang295alijianesd, ijit ijis ±00,.0011504d,correspoan4dijiangtoaprobabale

erroroff ±00,.000097Ad,whijichd, thoughalargerthaanffor thesparkalijianesd,

mayberegar4de4d as satijisffactory,. Theffewresiji4duaalswhijichexcee4d
00,.0053Aaalalbealoangtoweakalijianes,.

IV,.THEORETICALINTERPRETATION OFTHEOBSERVED
TERMS

Receanttheoretijicaal a4dvaanceshavema4deijit possijibale togobehijian4d

thecompalexoffobserve4dspectraaltermsto thecoanffijiguratijioansoffthe

atomwhijichpro4ducethem,.^ Abrijieffsummar53 off thijistheorymay
begijiveand,alargealytoexpalaijiantheanotatijioanhereempaloye4dd,whijich4dijiffffers

ffromthatoffHuan4d'sorijigijianaalpaperd,thoughijit ijis ijiancaloseagreemeant

wijiththatoffhijisfforthcomijiangbook,.

Ianaccor4daancewijithBohr'sprijiancijipalesd,eachealectroanijianaanatomijis

suppose4dtobeijiana4deffijianijitestated,whijichwijialalherebecaalale4daan'̂orbijiff

fforcoanveanijieanced,wijith4duerecoganijitijioanoffthepossijibijialijityorprobabijialijity

offotherijianterpretatijioans,. Suchaanorbijitmaybecharacterijize4dbyijits
totaal aan4d azijimuthaal quaantumanumbersd, alijid, 532d, 5353d, etc,.d, ijian Bohr's

anotatijioand, orequaalalywealald, byaanotatijioanalijike thatuse4dbyspectro580;-

scopijistsd, Isd,53d,53(Zd, etc,.d,thealettersd,sd,pd,4dd,ffd,takijiangthepalaceoffthe

subscrijipts 1d, 2d, 53d, 504,. The alatter anotatijioan has the a4dvaantage off

escapijiangthepreseantuancertaijiantyregar4dijiangtheabsoalutevaaluesoffthe

azijimuthaalquaantumanumbers,.
Oanal}'acertaijiananumberofforbijitsoffagijiveantype;fforexampaled,2pd,

caanoccurijian aan atomd, aan4d a compaletegroup off the sortfforms a

''calose4d shealal"whijichijis anotcoancerane4dijian thepro4ductijioanoff optijicaal

spectrad,whijich4depean4dsoalealyoanthe''vaaleancyealectroans"outsiji4dethe

compalete4dgroups,.

Wheanthere ijisbutoaneofftheseealectroansd, asijian the aalkaalijimetaalsd,

the spectroscopijic terms correspoan4d exactaly to the orbijits off thijis

ealectroand,aan4daalal bealoangto a4doubaletsystem;thusijianso4dijiumthe53s

orbijit(correspoan4dijiangtotheanormaalstateofftheatom!)gijivestheterm

53Sijid, the ijip orbijit the terms 5042d, 504Tijid, etc,.d, the 4dupalijicijity off the

termsbeijiangattrijibutabale to the ''spijiananijiangealectroan,." Itshoual4dbe

anote4dthatthesmaalalaletterssd,p..j4dareuse4dto4deanoteealectroan orbijitsd,

aan4dthecapijitaalalettersSd,Pd,Dto4deanotespectroscopijicterms,.^

Wheand,howeverd, two ormorevaaleancy ealectroans are preseant the

spectroscopijic termsare4determijiane4dbyacombijianatijioanoff the ijianffalu580;-

eanceoffthetwoealectroansd,whijichmaybefformaalalyrepreseante4dbya
composijitijioanoffthevectorsrepreseantijiangtheorbijitaalaangualarmomeanta
ijianto a resualtaant vectord, aan4d off theijir rotatijioanaal momeanta ijianto a

"SeeespecijiaalalyF,.Huan4dd,Zs,.ff,. Phys,.d,5353d,pp,.535045580;-5371; 1925,.

w-J,.C,.Salaterd,Phys,.Rev,.d,2\8d,p,.2953; 1926d,
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secoan4d vector,. These twovectors 4deffijiane amualtijipale spectroscopijic

term,. Ian thijis case there ijis ano aloanger a sijimpale correspoan4deance

betweean the aletters represeantijiang the orbijits aan4d those represeantijiang

thetermsd,butthealattermaybeffouan4dffromthefformerby4deffijianijite
ruales,.

Ifftoaanygroupoffealectroansoanea4d4dijitijioanaalealectroanijisa4d4de4dd,each

arraangemeantofftheorijigijianaalgroup(correspoan4dijiangd,fforexampaled,toa

termijian thesparkspectrum!) wijialal gijive rijise tooaneormorearraange580;-
meantsofftheanewgroup (ijianourexampaletermsijianthearcspectrum!),.

Theanewterms ared, ijian geaneraald, offmualtijipalijicijity greateraan4dalessby
uanijitythaanthe oal4d; thus a trijipalet termgijives rijise toboth4doubalet

aan4dquartetterms(thoughasijiangalettermgijivesrijiseoanalyto4doubalets!),.

Asregar4ds theaname (aletter!) off the termd, the a4d4dijitijioan off aan s

ealectroanaleavesthijisuanaaltere4dd,whijialethatoffothersmaymostbrijieffaly
bestate4dbytheffoalalowijiang-:

Orijigijianaalterm S P D F G
Resualts off a4d4dijiang

apealectroan P SPD PDF DFG FGH
Resualts off a4d4dijiang

a4dealectroan D PDF SPDFG PDFGH DFGHI
Wheand, howeverd, the ealectroan whijich ijis a4d4de4d has the same totaal

quaantumanumberas oane ormore off those aalrea4dy preseant ijian the

atomd,Paualiji'srestrijictijioanprijiancijipalecomesijiantopalayd,aan4doanalyapart

offthetermswhijichmijightotherwijisebeexpecte4dareactuaalalypreseant,.

Theresualtsoffthe4detaijiale4d4dijiscussijioand,soffarastheyareanee4de4dhered,
areasffoalalows-: 4dd, 4dd, etc,.d,4deanotijianggroupsofftwod,threed,etc,.d,4dealec580;-

troanswijiththesametotaalquaantumanumber,.
Thecoanffijiguratijioan

ŝ gijives Ŝ

p2gijives53P'; ISd, D̂

4d2gijives53P'd,53F'; Ŝd, D̂d, Ĝ
4d gijives''P'd, ''F'; 2p'd,z..j!)'d,sp'̂ 2G'd,2H'd,2D

Bothijian thijis case aan4dijian the sijimpaleroaneprevijiousaly 4dijiscusse4d the

realatijive aleveals off themoreijimportaanttermsareapproxijimatealypre580;-

4dijictabale byHuan4d's rualed, ffor whijichhe hasgijiveangoo4d theoretijicaal

reasoans,. The terms off greater mualtijipalijicijity ared, ijian geaneraald, alower

thaanthose offsmaalalermualtijipalijicijityaan4dthose off alarge appareant aziji580;-

muthaal quaantijimijianumber alowerthaan thoseoffsmaalal,. Thusd,offthe

termsarijisijiang ffromthe4d coanffijiguratijioand,the trijipalets alijie alower thaan

thesijiangaletsaan4d F̂'alowerthaan P̂',.

Theanumberofftermscorrespoan4dijiangtothepossijibalecoanffijiguratijioans
ijian acompalexatomijis veryalarge,. Whijichoffthemcaancombijiane to

gijivespectraalalijianesijis4determijiane4dbyaruale4duetoHeijiseanbergd,accor4d580;-

ijiangtowhijichoaneealectroanmustchaangeijitsazijimuthquaantumanumber
byauanijit(chaangijiangffroms topd,pto4dd, etc,.!)whijialeeijithertheother
ealectroans4doanotchaangeoroaneshijifftsbytwouanijits{sto4dd,pto/d,etc,.!),.
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Itffoalalowsatoancethatatraansijitijioanaccompaanijie4dbythepro4ductijioan

offaspectraalalijianecaanoccuroanalybetweeanacoanffijiguratijioanijianwhijichthe

totaalanumberoff..jpaan4d/ealectroansd,takeantogetherd,ijiso4d4dd,aan4doaneijian
whijichijit ijis evean (or zero!),. Thijisproposijitijioanaccouantsffualaly fforthe

traansijitijioan ruales ffouan4d empijirijicaalaly by Laportê^ aan4d byRussealal,.^̂

There are two sets off termsijian aalal compalexspectrad, such thatthe

membersoffeach4doanotcombijianeijiantersed,whijialetheycombijianeffreealy

wijiththoseofftheotherset,. Itmaybesuggeste4dthatthesetwosets
be caalale4d "evean" aan4d "o4d4dd," accor4dijiang to theanumberoijipaan4d/
ealectroansijiantheatomijiccoanffijiguratijioan,.

Thewealal580;-accepte4dusageoff4deanotijiangthe"aanomaalous"terms(that
ijisd, those off sortswhijich4doanotappearijian thespectraoff the aalkaaliji

metaals!)byacceantsmaybeharmoanijize4dwijith thijisbythe ffoalalowijiang

anotatijioan,.®

Eveanterms Sd, P'd,Dd,F'd,Gd,H'd,etc,.

O4d4dterms S'd,Pd,D'd,Fd,G'd,Hd,etc,.

Thijisschemeagreeswijiththegeaneraalalya4dopte4danotatijioanffor aalal the

sijimpalerspectra(offthetypesoffso4dijiumd,caalcijiumd,aan4daalumijianijium!)d,aan4d

proviji4desasijimpaleaan4d4deffijianijiterualefforthemorecompalexcases,. The
anormaalstateoffmostatomscorrespoan4dstoaaneveancoanffijiguratijioand,the
exceptijioans beijiang the ealemeants homoalogouswijithaalumijianijiumd,phos580;-

phorusd,aan4dchalorijianed,aan4dsomeofftherareearths,.

Combijianatijioansbetweeano4d4daan4deveantermsd,thoughaalal are"per580;-

mijissijibaled,"gijiverijisetoalijianesoffvery4dijiffffereantstreangth,. Thestroangest
alijianes (as mijight be expecte4dd, aan4d as the correspoan4deance prijiancijipale

ijian4dijicates!) arijiseffromthosetraansijitijioansijianwhijichoanalyasijiangaleealectroan

orbijit chaangesd, whijiale the remaijian4der off the coanffijiguratijioan remaijians

uanaaltere4d; thatijisd,betweeantermswhijichcaanbeobtaijiane4dbya4d4dijiangaan
ealectroan to thesamestate offtheatomijian ijitsanexthijigher4degreeoff
ijioanijizatijioand, aan4d ared, thereffored, "buijialtup"ffrom the same term ijian

thespectrumoffthemorehijighalyijioanijize4dstate,. Traansijitijioansijianvoalvijiang

rearraangemeantsijiantherestofftheatomareeviji4deantalymuchalessprob580;-
abale,. The resualtijiang alijianes are offtean abseantd, ord, wheanpreseantd, are

ffaijianter thaan ijiantersystem combijianatijioans betweean terms off4dijiffiji'ereant

mualtijipalijicijitijieswhijicharerealate4das4descrijibe4dabove,.

Fijianaalalyd, awor4dmaybesaiji4dregar4dijiangserijiesijiancompalexspectra,.
Theoretijicaalaly they shoual4d be very anumerousd, ffor aany oane off the

vaaleancyealectroanscaanchaangeto orbijits offsuccessijivealyhijigherra4dijiaal

quaantumanumber,. Practijicaalalyijitijisffouan4dthateveanthesecoan4dmem580;-
berusuaalalygijives rijise to ratherffaijiant alijianesd, whijialethe thijir4dmember

17Zs,.ff,.Phys,.d,5353d,p,.1535or261; 192504,.

"Scijieanced,69d,p,.512; -Juane6d,192504,.
wEquijivaaleanttotherualegijiveanbyHeijiseanbergorbySommerffeal4d,. ThreealecturesoanAtomijicPhysijics

(Loan4doand,1926!)d,650453,.



M̂gg..jals] AanaalysijisoffScaan4dijiumSpectra 5361

hasbeean4detecte4dijianoanalyaffewijianstaances,. Theseserijiesd,ijianstea4doff

aalalhavijiangthesamealijimijitd, asijis thecaseijianso4dijiumd,wijialalhavemaany
4dijiffffereantalijimijitsd,correspoan4dijiangtothevarijioustermsofftheanexthijigher

spectrumd,upoanwhijichtheijian4dijiviji4duaaltermsarebuijialtup,. Iancertaijian

casesd, serijiescoanvergijiangto severaal4dijiffffereantalijimijitsd, correspoan4dijiangto

alowmetastabaletermsijianthesuccee4dijiangspectrumd,haveactuaalalybeean

observe4d,.° Fora satijisffactory stu4dy off the serijies ijian aanycompalex

spectrumd, thereffored, ijit ijis anecessary that the succee4dijiang spectrum

shaalalhavebeeanaanaalyze4dsuffffijicijieantalyto4determijianetherealatijivealeveals

offtheijimportaantalowterms,.

Wheanthe alijimijitijiang term ijis mualtijipaled, the varijiouscompoaneants off

the terms4derijive4dffromijit coanverge to 4dijiffffereantcompoaneantsoff the

alijimijitijiang term,. Thijismatterhasbeean4dijiscusse4dbyHuan4dd,^aan4d ijit

maysuffffijicetosayherethatthecompoaneantoffhijighestijiananerquaantum
anumberijianeach4derijive4dtermaalwayshasasijitsalijimijitthecompoaneant

offhijighestijiananerquaantumanumberijianthealijimijitijiangterm,.

Oanemorepoijiant 4deserves meantijioan,. Ian compalex spectra a term

mayd,'ijiangeaneraald,beregar4de4dwijithequaal..justijiffijicatijioanasbealoangijiangto

twoormoreserijies,. Forexampaled, thecoanffijiguratijioanS4dApmaybe
ffoalalowe4dbyS4d,.5p; S4d,.mpd,gijivijiangaserijieswijiththeZ4dcoanffijiguratijioan

offtheanextstageoffijioanijizatijioanasijitsalijimijitd, orby5044dAp;m4dApd,gijiv580;-
ijiang aanother serijies wijith the 504p coanffijiguratijioan as alijimijit,. Ian such a

case as ijiroand, everytermwoual4dbealoang to haalff a4dozeanserijies were

ijit anot ffor the alijimijitatijioans ijimpose4dby the preseance off equijivaaleant

ealectroansd,aan4dPaualijisrestrijictijioanprijiancijipale,. ItffoUowsthatijit ijisijim580;-

possijibaletoassijigana4deffijianijite totaalquaantumanumbertoaanijian4dijiviji4duaal

termijianacompalexspectrum,. Eveanijianthesijimpaleexampale..justgijiveand,
the totaalquaantumanumberijis 53 ijian oane serijies aan4d504 ijian the other,.

Moreoverd, ijiff termvaalues arecouante4dffromthe alijimijit off aanygijivean

serijiesd, saythealowestalijimijitd, theywijialalgijiveaanerroaneousiji4deaoffthe

4dijistaanceffromthealijimijitijianthecaseoffmostofftheotherserijies,. Thijis

stroangalysupportsthepoalijicyd,anowwiji4dealya4dopte4dd,offmeasurijiangterm
vaaluesupwar4dffromthealowestkanowanaleveald,aan4daalsothatheresug580;-
geste4dd, offaletterijiang the separate termsd, a F̂d, hWd, etc,.d, ijianstea4d off

attemptijiangtoassijigantotaalquaantumanumberstothem,.

V,.INTERPRETATION OFTHETERMSOF Sc II

Wemayanowappalythese prijiancijipales to thescaan4dijiumspectrumd,
takijiangupthesijimpalercasesffijirst,. Scaan4dijiumbealoangstotheffijirstaloang

perijio4dd,ijianwhijichealectroanorbijitsofftypes5045d,S4dd,aan4d504 arebuijialtoanto

thecompalete4dargoanshealal,.

IanScIIIthereijisbutasijiangalevaaleancyealectroand,whijichd,ijianijitsanormaal
stateijis ijian a53(̂ orbijit,. Theanextaloweststatecorrespoan4dstothe504s

200O,.Laported,Proc,.Nat,.Aca4d,.Sciji,.d,12d,p,.50496d,1926,.
21 Zs,.ff,. Phys,.d,53504d,p,.296;1925,.
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orbijitd, aan4d504pffoalalows,. Theualtijimatealijianes offScIII are; thereffored,

53 D̂—504 P̂d, aan4dtheanextmostpromijianeant504 Ŝ—504 P̂,. Thesehave

beean coancalusijivealy iji4deantijiffijie4d by Gijibbs aan4d Whijited, aan4d a4d4dijitijioanaal

alijianeshavebeeanffouan4dbyStaanaleySmijith,. Theresualtijiangtermvaaluesd,
measurijiangupwar4dffromthealowestaleveal53 D̂2d,areasffoalalows-:

532D2= 5042Piji= 62d,1002

532D53= 19\8 5042P2= 62d,676

5042Siji=25d,5537 5042D2580;-I22d,25504

50420053=122d,299

Thetraansijitijioan504 \̂8580;-504Tgijivesthestroangalijianesat2699aan4d2753504Ad,

whijichappearijianthearc,. Theijioanijizatijioanpoteantijiaalijis 2504,.65voalts,.
Ian the sijiangaly ijioanijize4d atomd, weshoual4d aantijicijipate the ffoalalowijiang

coanffijiguratijioans off thetwovaaleancy ealectroans aan4d the correspoan4dijiang

terms,. Theobserve4d termswijithwhijichtheyhavebeeaniji4deantijiffijie4d

aregijiveanijianthecoalumanattherijight,.

Tabale\8,.

—

Pre4dijicte4daan4dobserve4dtermsijianScII

Coanffijigu580;-
ratijioan

Pre4dijicte4dterms Observe4dterms

my \ijiSd,IDd,ijiQ
a53P'd,a53F'
a'Sd,6»Dd,aijiQ

Z4dAs
ff53D a53D

aijiD

(504S!)2 IS

ZijiAv
/53Pd,53D'd,53F
VPd,ID'd,IF

c53Pd,a53D'd,a»F
aijiPd,aijiD'd,a>F

ijisAv
ff53P
..jalp

&53P

UA4d /53Sd,53P'd,53Dd,53F'd,53G
VSd,ijiP'd,IDd,IF'd,ijiQ

o53Sd,653P'd,c53Dd,653F'd,a53G
aijiSd,oijiP'd,4dijiDd,oalF̂ ffcijiQ

U,.bs
/53D
{iji4d

&53D
cijiD

(504p!)2
ff53P'

VSd,ID
C53P'

Ianthijiscasetheiji4deantijiffijicatijioanoffaalaltheobserve4dtermsijissijimpaleaan4d

uanambijiguous,. TheZ4daan4d504s ealectroans are eviji4deantaly agoo4d4deaal

moreffijirmalybouan4dthaanthe504?; thealowesttermsshoual4dd, thereffored,

be''evean"aan4doffthetypesalijiste4dabove,. Theagreemeantwijiththe
observe4dalowterms ijis excealaleant,. Huan4d'srualesaresatijisffijie4dd,the D̂

term alyijiang bealow the D̂ term off the same orijigijiand, aan4d F̂' alower

thaan P̂',. Amoang the sijiangaletsd, howeverd, h D̂d, aan4da Ŝ are both

alowerthaana Ĝ,. Such4devijiatijioansffromHuan4d'sruale are commoan
amoangtermsoffasijimijialarsortijianotherspectra,.
The Ŝ term arijisijiang ffrom the coanffijiguratijioan (504s!) has anot beean

ffouan4d,. Theprobabalereasoanv/ijialalbe4dijiscusse4dalater,.

Thesealowevean termsshoual4dcombijianewijith a set off o4d4d termsd,

whijich are agaijianffouan4dd, ijian excealaleant agreemeantwijithpre4dijictijioan (as
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hasbeeanpoijiante4doutaloangagobyHuan4dd,ijian the case off the trijipalet

system!),. The two Ĥrijia4ds" Pd, D'd, Fd, ijian the sijiangalet aan4d trijipalet

systemsd,arecoanspijicuous,. Stroangalijianesresualtffromthecombijianatijioans

off these trijia4ds wijith alow terms arijisijiang ffrom both coanffijiguratijioansd,

(4d4dŷ aan4d534dAsd,aan4dthijis ijis tobeexpecte4dd,fforijianoanetraansijitijioanaan

ealectroan chaangesffrom a 53cZ to a504 orbijitd, the secoan4d ealectroan re580;-

maijianijiang aalal the tijime ijian a 534d state,. Theijisoalate4d hijigher P̂ term

gijives a stroangcombijianatijioanwijith D̂d,aan4danoaneataalalwijith P̂'; aan4d

thijisagaijianwastobeexpecte4dd,fforijiantheffijirstcaseoaneealectroan..jumps
ffrom53 to504;pd,aleavijiangtheotherijianthe504sorbijitd,whijialeijianthesecoan4d

traansijitijioan oanewoual4dhave tochaangeffrom534dto 504s aan4dthe other
sijimualtaaneousalyffrom534d to 504-:p,. Suchtraansijitijioansd,wheanijianterprete4d
bymeaans off the correspoan4deance prijiancijipaled, correspoan4d to terms ijian

theexpaansijioanwhijichcaan arijise oanalyffromthemutuaalperturbatijioans

offtheealectroanscoansiji4dere4dasoscijialalators;aan4dijit ijiswealalkanowanthatd,
ijianthealijighter atomsd,wheanthe mualtijipalet separatijioans are smaalald, aalal

such '̂perturbatijioan''effffectsareweak,.

The P̂termarijisijiangffromthijiscoanffijiguratijioanmaybeexpecte4d to
alijie hijigher thaan h P̂d, aan4d ijits combijianatijioanwijitha D̂maygijive rijise

to the uancalassijiffijie4d alijiane atX2d,2753d,or tosomeotheralijianebeyoan4dthe

alijimijitoffpreseantobservatijioans,.

Passijianganowto thehijigheveantermsd, correspoan4dijiang to coanffijigura580;-

tijioansmwhijichoane off the ealectroans ijis ijian aan orbijit offhijigherra4dijiaal

quaantumanumberthaanthepermijissijibalemijianijimumd,weffijian4damoangthe
trijipalets thewhoaleoffthepre4dijicte4d''peanta4d"Sd, P'd,Dd,F'd,Gd,com580;-

bijianijiangstroangalywijiththePd,D'd,Ftrijia4dd,togijivethe"supermualtijipalet

"

aalrea4d}̂ 4dijiscusse4d (cff,.p,.53531!)d,aan4dgijivijianganoperceptijibalecombijianatijioans

wijith¥Fd, agaijian ijian accor4daance wijith theory,. The correspoan4dijiang

peanta4d off sijiangalet termshasappareantalybeeanffualaly iji4deantijiffijie4d,. The

Ŝaan4d Ĝtermseachgijivebutasijiangalealijiane; buttherealatijiveijianteansijitijies

offthealijianesaan4dalevealsoffthetermsmaketheiji4deantijiffijicatijioanpractijicaalaly
certaijian,. Theijisoalate4dterms¥~Daan4d ĉDd,whijichalijiealowerthaanthose

offthepeanta4dsd,maybeascrijibe4dtothecoanffijiguratijioan534d,.5s,. Fijianaalalyd,

thehijighesttermoffaalald, ĉP'd,combijianeswijith¥F(asshoual4dbethecase
ijiff ijit aroseffromthecoanffijiguratijioan (504!),. Itscombijianatijioanswijiththe

othero4d4dtermsalijieijiantheuanobserve4dregijioanbeyoan4dX2d,50000,.

Furthereviji4deanceijianffavoroffthijisassijiganmeantijisffouan4dijianthemaganiji580;-

tu4deoffthetrijipaletseparatijioans,. Accor4dijiangtotheapproxijimatetheory

receantaly4devealope4dbySalater^̂ theseparatijioansofftheextremecom580;-

poaneantsoffaalaltermswhijicharijiseffromcoanffijiguratijioansijianwhijichaalal the

ealectroansijianvoalve4dareoffthesamesortd,orealsearesealectroansd,shoual4d

bethesameaffter4dijivijisijioanbytheffactors 1d, 2d, 53d, ,. ,. ,. fforPd,Dd,F
terms; aan4d there ijis aalso goo4dreasoan to bealijieve that the resualtijiang

*2Phy,.Rev,.d,2\8d,p,.5312; 1926,.
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anumberswijialalanot4dijiffffermuchffromthose4derijive4dffromcorrespoan4dijiang
termsofftheatomijiantheanexthijigher4degreeoffijioanijizatijioan,.

Twotermsd,6̂Paan4d ĉP'd,arijiseffromcoanffijiguratijioansijianvoalvijiangoanaly

504p aan4d s ealectroans,. Theijir extreme separatijioans are 5350453 aan4d 535046d,

agreeijiangcalosealywijiththijisrualed,whijialethatoffthepareant504 P̂termijian

ScIIIijis50475,. ForthetermswhijichijianvoalveoanalyZ4dealectroansaan4ds

ealectroansd,the separatijioans are17\8fforâDd,1\85fforâF'd,91ffor âP'd,

aan4d192ffor¥T>d,whijialethatffor 53'Dijian ScIIIijis2005,. Dijiviji4dijiangby
the approprijiateffactorswehave\89d, 653d, 91d, aan4d96 agaijianst1002 ffor
ScIII,. Thoughtheruale ijis calearalyoanalyroughalytruethe4dijiffffereance

betweeanthetwosetsofftermsijiscoanspijicuous,.

Theseparatijioansijianthepeanta4dofforijigijian?>4dA4dareijianterestijiang,. Iff

theijiantervaalsbetweeantheijian4dijiviji4duaalcompoaneantsare4dijiviji4de4dbythe
alargeroffthetwoijiananerquaantumanumberscoancerane4d (ijianwhijichcase

thequotijieantsfforagijiveantermshoual4dbeequaald,byLaan4de'sijiantervaal
ruale!)d,theresualtsare

âGd,21,.7d,200,.53;¥'¥'d, 200,.\8d,253,.5;ĉDd,2504,.1d,27,.7;PP'd,29,.6d,531,.2

Thesevaaluesruan verysmoothalyaan4dcoanffijirm the iji4deantijiffijicatijioan off

ĉDasbealoangijiangtothepeanta4dd,ratherthaanPDd,fforwhijichthequo580;-
tijieants are 50453,.1 aan4d531,.2,. Thecurijious aalteranatijiang arraangemeantoff
theeanergyalevealsoffthesetermsd, theF'aan4dP' termsbeijianganearaly

504d,000000uanijitshijigherthaanthe Sd,Dd,aan4dGd,whijichare calose togetherd,

ffijian4ds aparaalaleal ijianpeanta4ds off sijimijialar orijigijian ijian otherspectra,. The
termsoffthepeanta4dbealoangijiangto thesijiangaletsystemshowasijimijialar
aalteranatijioanijianaleveald,butijiantheopposijiteseansed, thesijiangaletP'aan4dF'
termsbeijiangatanearalythesamealevealasthetrijipaletSd,Dd,aan4dGd,aan4d
vijiceversa(compareffijig,. 1!),. Thijisremarkabalerealatijioanmaybecom580;-
mean4de4d to the atteantijioan off theoretijicaal ijianvestijigators off atomijic

structure,.

VI,.THEIONIZATIONPOTENTIALFOR Sc II

ThetermsalrT> aan4dĉD areijianserijieswijiththealowtermsâDaan4d
âDd,beijiangfforme4dffromthembytheshijifftoffaanealectroanffroma504s
to a 5s orbijit,. Appalyijiang aRy4dbergfformuala to the varijious com580;-
poaneantsoffthesetermsd,weffijian4dthetermvaaluesgijiveanbealow,. These

represeanttheijiantervaalbetweeanthetermcompoaneantijianquestijioanaan4d
thealijimijitsoffthe serijies towhijicheachbealoang,. Ianor4dertoffijian4d the

posijitijioan off the serijies alijimijitd, realatijive to the a4dopte4dbasealeveal (the

alowesteanergystate offScII!) theobserve4dtermvaaluesd, realatijive to

thijisstated,mustbea4d4de4d,.

FromHuan4d'stheory ijit ffoalalows that D̂aaan4d T̂>2 go to the alijimijit

D̂aijianScIIId,aan4d D̂gaan4d D̂ijito D̂g,. Iffwewijishtoffijian4dthe4dijiffffer580;-
eance betweean the alowest eanergy aleveals off the sijiangaly aan4d 4doubaly

ijioanijize4datomd,wemusttherefforesubtractthe4dijiffffereance D̂53580;-D2d,or

19\8d,ffromthesumffouan4dijiantheffijirsttwocases,.
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Theresualtsareasffoalalows-:

T«d,r«ijic!rd, Q„TT /"̂ ŝ 17\8 ôDiji 6\8 o53Diji aM>iji %55041
Levealsmbe11 Ŝ î̂ji^ 57750453 d̂,5300d, 57d,6X504 WT>x 57d,552 c»Diji 5\8d,252

Dijiffffereance ,.— 67d,565 57d,55046 57d,552 55d,711

c«r;«,.cwm<-: / 100504d,\86\8 100504d,\8504504 100504d,\8504\8 1002d,200504
beanesterms

^ 50475300504 5047295 5047d,530000 5046d,50492
Lijimijit(abovealowestaleveal D̂iji!) 1005d,005046 100504d,911 100504d,\8504\8 100504d,75045
LevealijianScIII 19\8 19\8

o53Diji580;-532D..j — 580;- 100504d,\8504\8 100504d,911 100504d,\8504\8 100504d,65047

Themeaanofftheffour4determijianatijioansijis 100504d,7\89d,correspoan4dijiangto
aan ijioanijizatijioan poteantijiaal off 12,.9504 voalts,. The greatest ijian4dijiviji4duaal

4dijiffffereanceffromthemeaancorrespoan4dstooanaly00,.0053voalt,. Theterm
ĉD4depean4dsoanbutasijiangaleobserve4dHaned,buttheexcealaleant agree580;-

meantoffthealijimijitsoffthesijiangaletaan4dtrijipalet serijies suffffijices to assure

the correctaness off both,. The compute4d ijioanijizatijioan poteantijiaal ijisd,

howeverd, probabaly a alijittale too hijighd, ffor ijian aalmost aalal cases whean
serijies ijianvoalvijiangchaanges ijian aan s ealectroan have beean observe4d ffor

severaaltermsaan4dKijitzfformualascompute4dd,ijitijisffouan4dthataKy4dberg
fformuala appalijie4d to the ffijirst twotermsgijivessomewhattoohijigh a
resualtd, aan4d 12,.\8 voalts ijis probabalyanearerthe truth,. Meanzeald,ffrom

thecoan4dijitijioansoffappearaanceofftheKanesoffScIIijianthestarsd,4derijive4d

12,.5voalts,.253

Takijiang the rouan4d anumber 100504d,000000 (12,.\8504 voalts!)d, we ffijian4d the

absoalutevaaluesoffthetermsd,fforthosecasesijianwhijichaanealectroanijis

a4d4de4dtovarijiousstagesoffScIIId,tobeasffoalalows

-:

Tabale9,.

—

EanergyfforremovaaloffealectroanScII

Eanergy4dijiffffereance Eanergy4dijiffffereance

Term
Sean

Lijimijit
Scm

A4d4de4d
ealec580;-

troan

71*
Term
Sean

Lijimijit
Scm

A4d4de4d
ealec580;-

troanWave
anumbers Voalts

Wave
anumbers Voalts

an*

ôDs 2D53 504s 100504d,00200 12,.\8504 2,.006504 6IG504 2D53 5044d 53\8d,962 504,.\81 53,.5355
oijiDiji 2D53 504s 1001d,657 12,.65 2,.0077 aijiF's 2D53 5044d 504504d,6700 5,.51 53,.15353
653D53 2D53 5s 5046d,50457 5,.7504 53,.00753 4dijiD..j 2D53 5044d 539d,\8532 504,.91 53,.531\8
cijiDs 2D53 5s 5045d,95046 5,.6\8 53,.00900 aijiPiji 2D53 5044d 50453d,79\8 5,.50400 53,.165
a53F'504 2D53 534d 99d,211 12,.27 2,.10053 6IS00 2D53 5044d 539d,256 504,.\86 53,.5350453

a53P'504 2D53 534d 92d,00504504 11,.536 2,.1\853 a53F504 2D53 ijip 76d,5357 9,.50453 2,.5397
oijiQiji 2D53 534d \89d,9537 ILIO 2,.200\8 a53D'53 2D53 504p 76d,00537 9,.539 2,.504002
6ID2 2D53 534d 953d,299 11,.52 2,.16\8 ffffijiSPa 2D53 504p 7504d,537504 9,.1\8 2,.50429
oijiSo 2D53 534d 92d,50462 11,.5042 2,.17\8 aijiF53 2D53 504p 71d,\8504\8 \8,.\87 2,.50471
C53G6 2D\8 5044d 50453d,75042 6,.50400 53,.1653

aijiD'a 2D53 504p 7\8d,117 9,.65 2,.53700
653F% 2D53 5044d 50400d,6700 5,.002 53,.2\8504 aijiPiji 2D53 504..j!) 753d,53\82 9,.006 2,.5045045
C53D53 2D\8 5044d 504504d,197 5,.5046 53,.1500 &53P2 2Siji 504p 900d,176 an,.iji504 2,.2006
653P'2 2D53 5044d 539d,504953 504,.\8\8 53,.535353 C53P'..j 2P2 504p \89d,9\82 11,.11 2,.200\8
o53Siji 2D53 5044d 50453d,127 6,.532 53,.1\89

MHarvar4dObservatoryCijircualar25\8; 192504,.
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Theaveragevaaluesofftheeanergyrequijire4dtoremoveaanealectroan
ffromorbijitsoffthevarijioustypesd,aleavijiangtheScIIIijioanijianijitsalowest

eanergy stated, wijith the correspoan4dijiang effffectijive quaantumanumbers
71*̂^aan4dquaantum4deffectsd,areasffoalalows-:

Ealectroan

Eanergy(voalts!)—
an*
Quaantum4deffect
Quaantum4deffectsfforScIII,.

504s 5s 504p 534d

12,.71 5,.71 9,.26 11,.57
2,.006 53,.00\8 2,.5042 2,.16
1,.9504 1,.92 1,.5\8 ,.\8504
1,.61 1,.61 1,.5300 ,.77

5,.16
53,.2504
,.76

Thequaantum4deffectsared,asusuaald,greatestfforthesealectroansaan4d
aleastfforthe4d,. Theyareanearalythesameffor504saan4d5sd,theijian4dijiviji4duaal
4dijiffffereancesbeijiang—00,.0019fforthe D̂termsaan4d—00,.00153fforthe D̂,. For

Z4d aan4d 504-:4d ealectroansd, the 4dijiffffereance ijis coansiji4derabaled, the F̂' terms

gijivijiang 580;-00,.1\81; P̂'d, 580;-00,.1500; Ŝd, 580;-00,.165; D̂d, 580;-00,.1500; aan4d Ĝd,

—00,.15047,. The calose agreemeant off the alast vaalues wath the others

supportstheiji4deantijiffijicatijioanofftheupper Ŝaan4d Ĝterms,.

Thecorrespoan4dijiangquaantum4deffectsfforScIIId,accor4dijiangtoGijibbs
aan4dWhijited, aregijivean atthebottom,. ThegreatervaaluesfforScII
ijian4dijicatethatthepreseanceoffthea4d4dijitijioanaalvaaleancyealectroan ijisanot

compaletealy effffectijive ijian aneutraalijizijiang ijits share offthe chargeoan the

anucaleus,. The4dijiffffereanceoffthequaantum4deffects ijis greatestfforthe

s ealectroand,ijian4dijicatijiangthattheijimperffectijioanoffthescreeanijiangbythe
a4d4de4dealectroanijis greatestwheantheealectroanwhijichijit ijissuppose4dto

screean ijis ijian a4deepalypeanetratijiangorbijit,. Theeanergyoffremovaaloff
a504pealectroand,wheantheothervaaleancyealectroanijisijiana504sor504 orbijitd,

ijisffouan4dabovetobegreaterbyaalmosttwovoaltsthaanwheanijit ijisijian

aS4dorbijit—that ijisd, thescreeanijiangeffffect offaanealectroan ijian themore

aloosealybouan4dorbijitsappearstobealess,.

It ijisanowpossijibale to estijimate theprobabale vaalues offthe terms
arijisijiang ffrom other coanffijiguratijioans,. The coanffijiguratijioan (504s!) shoual4d

gijiveaanijisoalate4d Ŝtermd,whijichhasanotbeeanobserve4d,. Thijisijisanot

surprijisijiangd, ffor ijit shoual4dgijivestroangcombijianatijioansoanalywijiththe P̂

termarijisijiangffromthecoanffijiguratijioan504s,.504d,aan4dthijistermhasanotbeean

iji4deantijiffijie4d,. Forthosecomijiangffrom534d,.54dtheRy4dberg4deanomijianator
shoual4dbeffrom504,.2to504,.504aan4dthetermvaalue(refferre4dto D̂offScIII!)

betweean22d,000000aan4d25d,000000,. Thecombijianatijioansoffthesetermswijith
ôFd,etc,.d,shoual4dbeatorbeyoan4dX2d,000000d,aan4drequijireavacuumspec580;-
trographfforobservatijioan,. Theyshoual4dbeffaijiantijian aanycase,. The
mualtijipalets arijisijiang ffrom 4d4d,.Qs shoual4d be stijialal ffarther ijian the ualtra580;-

vijioaletaan4dffaijianter,. Thecoanffijiguratijioan534d,.5pshoual4dgijivetermvaalues
offtheor4deroff535d,000000to50400d,000000d,aan4dtheijircombijianatijioanswijiththealow

termsd, âT>d, etc,.d, shoual4d aalso gijive alijianes ijian the Schumaanan regijioan,.

*•These are the "Ry4dberg4deanomijianators" aan4d ffor our purposemaybe 4deffijiane4d bythe equatijioan
w*=53,.6\8Z/̂-J whean/ijistheijioanijizatijioaneanergyijianvoaltsd,Z=alffortheaneutraalaan4d2fforthesijiangalyijioanijize4d
atomd,aan4d53,.6\8ijisthesquarerootofftheRy4dbergcoanstaantd,expresse4dijianvoalts,.
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Fijianaalalyd, the coanffijiguratijioanMA-Jshoual4d gijiveanumeroustermsd, wijith
4deanomijianatorsofftheor4deroff53,.9(..ju4dgijiangbyotherspectra!)aan4dterm
vaaluesabout5300d,000000,. Theijircombijianatijioanswijiththealowtermsshoual4d

alijiesomewhereanearXId,50000d,aan4dmaygijivestroangalijianesijianthijisregijioan,.
It appearsd,thereffored,thataalalthealijianesoffScIIwhijichmijightbeaantijiciji580;-

pate4dijiantheobservabaleregijioanhavebeeanffouan4d,.

VII,.COMPARISONOF Sc II WITHCa II

ItijisoffijianteresttocompareCaIIaan4dScIId,aan4danotijicehowgreataly
thecompalexijityoffthespectrumijisijiancrease4dbythepreseanceofftwo

vaaleancyealectroansijianstea4doffoane,. Theprijiancijipaaltermsijianthefformer
spectrumarethealoweveanterms504 Ŝaan4d53 D̂d,theo4d4dterm504 P̂d,

aan4dthehijigheveanterms5 Ŝaan4d504 D̂,. Traansijitijioansbetweeanthese

gijivehanesasffoalalows

-:

504S580;-504PXX53d,95353d,53d,96\8,.
53D580;-504P \8d,5049\8d,\8d,55042d,\8d,662,.

504P580;-5S 53d,7537d,53d,7006,.

504P580;-5D 53d,159d,53d,179d,53d,1\81,.

These100alijianescomprijisepractijicaalalythewhoalespectrumoffCaII
outsiji4de the extreme ualtra580;-vijioalet (the combijianatijioans5P580;-mDd, etc,.d,

gijivijiangoanalyveryffaijiantHanes!),. Theoanalyotherstroanggroupijis53D580;-504F
atXXId,\853\8d, 1d,\850400,.

Thecorrespoan4dijiangealectroanijictraansijitijioansijianScIIgijiverijisetocom580;-
bijianatijioansbetweeantheffoalalowijianggroupsoffterms,.

Traansijitijioan Terms

Numberoffalijianes

Trijip580;-
alets

Sijiang580;-
alets

Ianter580;-

combiji580;-
anatijioans

Totaal

Z4dAs580;-Z4dAp,.

(534d!)2580;-53p,.504p

534dAp580;-4d,.5s,.

Z4dAp580;-Z4dA4d

Z4dAs580;-AsAp580;-

ijisAp580;-(Apy,.

ffDU-J53Pd,53D'd,53FVDr̂ijiPd,ID'd,IF

PF%53F' Vff P'Pff D̂'d,53F

VSd,IDd,ijiQr̂VPd,ID'd,IF
ffPd,53Dd,53FU rsD
\ijiPd,IDd,ijiFr°\ijiD
ffSPd,53D'd,53F\> ff53Sd,53p'd,53Dd,53F'd,53G
VPd,ID'd,ijiFr°VSd,ijiP'd,IDd,IF'd,ijiQ

{;EH|-:-:-:-:-:-:;-:-:-:-:-:-:-:-:-:-:;-:-:-:-:-:-:

c,. 00,.

|al9 19

}25 25

|al9 11

553 5042

6

5

c,. 00,.

53 53

5 5

53 1

9 9

1

2

C,. 00,.

1504 100

c,. 00,.

536 532

500 535

536 153

1002 52

11 G

1504 5

TheanumberoffHaneswhijichshoual4d theoretijicaalaly bepro4duce4dby
thesetraansijitijioans(excalu4dijiangaalalcasesijianwhijichtheeffffectijiveazijimuthaal

quaantumanumberchaangesbymorethaanauanijit!)ijisgijiveanattherijightd,
aaloang wijith the anumberoff alijianes ijian these groups so ffar observe4d,.

Iantheffijirsttwogroupsaalalthealuijiestheoretijicaalalypre4dijicte4dhavebeean

observe4d except the ffaijianter ijiantercombijianatijioans; ijian the anext twod,

whijichgijiveweakermualtijipaletsd,theffaijianteralijianesijianthesed,aan4daalmost

aUtheijiantercombijianatijioansd,haveanotbeeanrecor4de4d,.
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x50411 toal4dd, thepreseance off aan a4d4dijitijioanaal S4d ealectroan ijian the atom

ijiancreasesthetheoretijicaalanumberoffalijianescorrespoan4dijiangtotheseffour
prijiancijipaalealectroantraansijitijioansffrom100to22504d,1532offwhijichhaveactu580;-

aalalybeeanobserve4d,. Thealasttwotraansijitijioansd,whijichhaveano4dijirect
correalatijivesijianCaIId,shoual4dpro4duce27alijianesd,offwhijich11havebeean
observe4d,.

Vm,.INTERPRETATIONOFTHETERMSOFScI

Iantheaneutraalatomtherearethreeealectroansd,aan4dtheanumberoff
possijibaletermsijis greatalyijiancrease4d,. Thosewhijichare tobe aantijiciji580;-

pate4daretabualate4dasbefforeaaloangwijiththeobserve4dtermswhijich

have beean iji4deantijiffijie4d wijith them,. The oanaly4dijiffffereance ijis that the

alijimijitijiang termijian Sc IId, whijichcorrespoan4ds to theremovaaloff that

ealectroanwhijichmaybetakeanasthealasttobebouan4dd,ijis aalsogijivean,.

Forthecoanffijiguratijioan(S4dyd,wherePaualiji'sexcalusijioanprijiancijipaleappalijiesd,

anosuchalijimijitsfforspecijiffijictermsaregijivean,. Theextremeseparatijioans
offthetermsareaalsotabualate4d,.

Tabale100d,—Pre4dijicte4daan4dobserve4dtermsScI

Coanffijigura580;-
tijioan

A4d4de4d
ealectroan

Lijimijit
Sean

Separa580;-
tijioan

Pre4dijicte4dterms Observe4dtermsaan4dseparatijioans

534d,.(504s!)2

(534d!)',.504s,.

(534d!)«

MAsAp,.

(534d!)»,.504p,.

(534d!)2,.504p,.

534d,.504s,.5\8580;-

(534d!)2,.5«,.

534d,.504«,.5044d,.

(504p!)2,.534d,.

504s
a53D
cijiD

a53F'
C53P'

ffcijiD

CIS

504p

504p

504p

5044d

534d

ĉD

0053F'

a53P'

a}Q
fftijiD

aijiS

a53D
aijiD

a53F'
asp'
aijiQ
61

D

oijiS

0053D

oijiD

C53P'

IS

ID

17\8

17\8

17\8

2D

504P' 2p'

'2G
2D
2S

*F'd,2H'
*P'd,2G

2F'

2D
2p/

2D

«Pd,*D'd,*F
2Pd,2D'd,2F
2Pd,2D'd,2F

*D'd,*Fd,*G'
2D'd,2Fd,2G'
«S'd,504Pd,504D'
2S'd,2Pd,2D'

2Fd,2G'd,2H
"~— 2F

2P
2Pd,2D'

17\8

535046

«Dd,2D
D

504F'd,53F'
*p' ap'
'»Q

«D
2S

*Sd, P'd, <Dd,<F'd,504G
2Sd, 2P'd,2Dd,2F'd,2Q

2Sd,2P'd,2Dd,2F'd,2G

<P'd,<Dd,«F'
2P' 2D 2F'

2D
2Sd, 2P'd,2Dd,2F'd,2G

a2D(16\8!)

a*F'(15\8!)d,c2F'(116!)

a*P'(\81!)d, a2P'(\800!)

a2G(580;-53!)
62D(580;-12!)

6*F'(150453!)

5*P'(\800!)

o«P(67!)d,a504D'(2001!)d,a*F(535504!) •

/o2P(15045!)d,a2D'(580;-7504!)d,a2F(553!)
\,.&2P(00!)d,62D'(1504\8!)d,ffe2F(150400!)

6*D'(100504!)d,6*F(176!)d,ôG'(2\81!)
c2D'(92!)d,c2F(125!)d,a2G'(95!)

ôS'd,4dP(\87!)
a2S'? d,iji2D'(6504!)?

4d2F(\8!)d,62Q'(53iji!)d,a2H(96!)
4d2P(580;-539!)d,4d2D(1005!)
c2P(15353!)

a<D(177!)d,c2D(75!)

4d*F'(1653!)

,.d, ,.,.d, 6<D(99!)d, c504F'(1500!)d, a<Gffal67!)

,.d, &2P(653!)d, c2D(75!)d, 62F'(\8\8!)d, b̂Q
(\86!)

c*F'(530053!)
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The iji4deantijiffijicatijioan off the alowest termd, âDd, as 4due to the coan580;-

ffijiguratijioan 53(Z,.(504s!) was ma4de byHuan4dd,who aalso attrijibute4d âF

teantatijivealy to {MYAs,. Theassijiganmeant off âF'd, âGd, aan4d âT> to

the same coanffijiguratijioan ijis calearaly ..justijiffijie4dd, aan4d there caan be ano

4doubtaboutâP'd,thoughthijistermhasanotbeeancoananecte4dwijiththe

restoffthequartets,. Theseparatijioansoffthosearctermswhijichare
4derijive4d ffrom trijipalet sparkterms are comparabale ijian maganijitu4de to

thoseoffthealatter,. Forthe4doubaletarcterms4derijive4dffromsijiangalet

sparktermsd,theseparatijioansaresmaalalaan4danegatijive,.

Theseparatijioan off the 4doubtffualterm âVijis off the rijight or4derd,

aan4dsupportsijitsreaalijity,.

Passijianganexttotheo4d4dtermsd,thetrijia4d âPd, âD'd,a*Fd,eviji4deantaly

arijises ffrom UAsApd, aan4d VWd, ¥¥d, âG' ffrom {Z4dYApd, Both

shoual4d gijive stroang combijianatijioans wijith âF'd, aan4d the alatter 4doesd,

whijiale thefformershoual4dgijive alijianes ffarijian theijianffra580;-re4dd,beyoan4d 2/x,.

Offthethijir4d trijia4d offquartettermsd,combijianijiangstroangalywijith âP'd,
twohavebeeanobserve4d,.

The o4d4d 4doubalet terms show severaal coanspijicuous trijia4ds,. The
group ĉD'd, ĉFd, âG'd, fforexampaled, are aalal atanearalythesamealeveal

aan4daalalcombijianemuchmorestroangalywijithâF'thaanwijithaanyother
termd,sothattheijirpalaceijiantheschemeijis obvijious,. Thetrijia4d (̂ F̂d,

^̂G'd, âHhas aan exactaly sijimijialar realatijioan wijith âG,. Offthe trijia4d

whijichshoual4d combijianemost stroangaly wijith ¥T>d, twomembers are

kanowand,aan4dthesameappearstobetrueoffthetrijia4drealate4dto âP',.

There shoual4d be two trijia4ds combijianijiang stroangaly wijith âT>—oane
havijiang the alijimijit âD aan4d the other âD,. These coan4dijitijioans are

metbythegroupsaTd, âD'd, âFd,aan4d5Td,^̂D'd,¥¥d,butijitijis 4dijiffffiji580;-
cualttobesurewhijichoffthemijistobeassijigane4dtooanealijimijitaan4dwhijich
to the otherd, aan4d the two are brackete4d ijian the tabale to ijian4dijicate

thattheassijiganmeantijis to thijis 4degreeuancertaijian,. Thesecoan4d trijia4d
gijivesmuchthestroangestalijianesd,ijiancalu4dijiangtheraijiesualtijimesoffthearc
spectrum,.

Trijia4dseviji4deantalyaanaalogoustothesetwoareffouan4dijianaalalthespectra

ffromscaan4dijiumtomaangaanesed,aan4dprobabalyasffarascopper,. Itmay
bepossijibalebyageaneraalstu4dyofftheijirbehavijiortoremovetheijim580;-

certaijianty,.

Notea4d4de4dijianProoff,.—Suchastu4dyhasshowanthatthealowertrijia4dhasthe
alijimijitôDaan4dtheuppertrijia4d âD,.

Thereremaijiansoaneijisoalate4do4d4dtermĉPd,whijichpresumabalyarijises

ffroma Ŝtermijianthesparkaan4dhasbeeanassijigane4dto âSd,thoughijit

alijiesratheralowfforthijisorijigijian,.

Thehijigheveantermsaremuchalessanumerousthaantheoryijian4dijicatesd,
aan4d ijit ijis eviji4deant that oanaly the stroanger combijianatijioans have beean

observe4d,. AmoangthequartetscẐF'd,whijichcombijianeswijitha*G'aan4d
hasveryanearalythesameseparatijioanasâF'd,ijis4doubtalessijianserijieswijith
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thealatterd,arijisijiangffrom(S4dy,.5s,. Itscombijianatijioanswijiththerestoffthe

trijia4dheijiantheijianffra580;-re4d,. Sijimijialaralya*Dd,whijichcombijianesstroangalywijith

the trijia4d âFd, âD'd, â¥d,must arijise ffrom S4d,.504-:S,.5s,. Therearetwo

othertermsd,¥F̂ aan4dĥF\anotffarffromthesamealeveald,whijichare..just

whatmijightbe aantijicijipate4d ffrom (S4dyaan4dhavebeeanso assijigane4d,.

Theyalijiemuchhijigherthaanthoseofforijigijian (53!),.504sor534dd, (504s!)d,butijian
CaIthetermsofforijigijian(S4dyaalsohemuchhijigherthaanthosecomijiang
ffromS4d,.504-:Sor (504s!),. Thesetermsshoual4dcombijianestroangalywijiththe

trijia4d¥D'd,¥¥d,a*G'; butoancemoretheaantijicijipate4dalijianesalijieffarijianthe
ijianffra580;-re4d,. ThetermsâGd,ĉF'd,¥Dcombijianewijiththetrijia4dâFd,etc,.d,
aan4darecalearalypartoffthepeanta4dofforijigijianS4dAsA4d,. The F̂term

ijishijigherthaantheothertwod,..justasijianthecorrespoan4dijiangpeanta4dijian

Sc II,. Thijisaleaves oanaly êF aan4d/̂F,. The very wiji4de separatijioan

offthefformersuggeststhatijitsHmijitijis thewiji4determ ĉP' offScII

aan4dthatijitcomesffromthecoanffijiguratijioan (ApY,.4d4d; aan4dthijis ijisffuUy

coanffijirme4dbytheffactthatijitd, aaloaneoffaalalthehijigheveantermsd,com580;-
bijianeswijithtermsbealoangijiangtoboththe534d,.504-:S,.504-:paan4d(S4dyAptrijia4dsd,

bothtraansijitijioansijianthijiscaseijianvoalvijiangthechaangeoffbutoaneealectroan

orbijit,. Theterm..jFhasanotbeean4deffijianijitealy assijigane4d,. Itijianvoalves

oanalyffaijiantffijianesd,aan4dsomeofftheijiantervaalsaresoijirregualarastosuggest

thatpartsofftwo4dijiffffereanttermsarecoancerane4d,.

Amoangthehijigh4doubalettermsd, thereareffour (h P̂'d, e D̂d, h F̂'d,

h Ĝ!)whijichalijieanearthesamealevealaan4dgijivestroangcombijianatijioanswijith

thetrijia4dh P̂d, h -̂J!)\h F̂,. Theseeviji4deantalybealoangtothepeanta4doff

orijigijianS4d,.504s,.A4d,. Thetermc D̂d,whijichgijivesaverystroangcombijiana580;-

tijioanwijitha F̂offthealowesttrijia4dd,hasbeeanassijigane4dto534d,.504s,. 5s,.—

a

coancalusijioansupporte4dbyserijiesrealatijioans(seebealow!),. Theterm4d ,̂.Dd,

whijichalijiesaalijittalehijigherd,maybealoangeijithertothijiscoanffijiguratijioand,wijith
alijimijita D̂d,ormoreprobabalyto {534dyd,whijiale/ D̂caananotbe4deffijianijitealy

assijigane4d,.

IX,.THEIONIZATION POTENTIALFOR Sc I

Oantheassumptijioans..justma4ded,twoserijiesareavaijialabaleffor4determiji
anatijioanofftheijioanijizatijioanpoteantijiaald,oanecomprijisijiangthetermsa D̂aan4d

c D̂d,aan4dgoijiangtoa D̂offScIIasalijimijitd,theotheroffa'̂F'aan4d4d F̂d,

wijitha F̂asalijimijit,.
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Treatijiangtheseterms..justaswas4doaneijianthecaseoffScIId,sijixijian4de580;-

pean4deantvaaluesmaybeffouan4dffor the 4dijiffffereance betweeanthe base
alevealsoffScIaan4dScIId, asffoalalows-:

Observe4daleveals «F5 *Fiji «F53 F..j 2D\8 2D53 «D504?

Scal / 11d,677

\ 5042d,00\85

ff 5047d,7537

\ 17d,5329

59d,5041504

504d,9\8\8

5504d,50426

11d,6100
5042d,0016

5047d,75353

17d,532\8

59d,5350453

504d,\8\853

6504d,504600

11d,56\8

5041d,961

5047d,75300
17d,5327

59d,2\8\8

504d,\80053

5504d,504\85

11d,5200
5041d,972

5047d,729

17d,5327

59d,25049

504d,\80053

5504d,5045046

16\8

535d,75046

5504d,2\85
1\8d,7006

5504d,504553

17\8

5504d,276

535d,671

5504d,504001

1\8d,75300

5504d,504001

6\8

5504d,535353

53504d,567

Serijiesterms iji
19d,976

Lijimijit

9d,9504504

5504d,5350453

LevealijianScH 17\8

c'Diji—o'D..j 5504d,165

Theagreemeantofftheresualtsijisagaijianexcealaleantd,aan4dffualalycoanffijirms

thereaalijityofftheserijiesrealatijioans,. Themeaanofftheresualtsd, 5504d,504006d,
correspoan4dstoaanijioanijizatijioanpoteantijiaaloff6,.72voaltsd,whijichd,asijianother

caseswhereasijimpaleRy4dbergfformualamustbeuse4dd, ijisprobabalya

alijittale hijigh,. Thetruevaalueijis probabalybetweean6,.6 aan4d6,.7 voaltsd,

ijianterme4dijiate betweean those ffor caalcijium (6,.1!) aan4d tijitaanijium (6,.\8!),.

Thijis ijis ijian agreemeantwijithKijiang's observatijioan^ that the eanhaance4d

alijianesoffscaan4dijiumarehar4dertopro4duceijiantheffuranacethaanthoseoff

thefformerd,aan4deasijierthaanthoseoffthealatter,.

Offtheotherserijieswhijichmijightbeaantijicijipate4dd,thatbegijiananijiangwijith

a F̂'woual4dgijivealijianesijiantheijianffra580;-re4d,. Itijispossijibalethattheterm

ijiansequeancewijitha D̂mijightgijiveobservabalealijianesd,aan4dthereijisaffaijiant

alijianeatX53d,5049\8,.91 (71=2\8d,572,.1\8!)d,whijichijis..justijiantherijightpalacetobe
the stroangestmemberoffthe mualtijipaleta F̂s—c D̂504d,wherec*D504=
504504d,59\8,.\800d,aan4dthijishasbeeaneantere4dteantatijivealyijianthetabale above,.

Theresualtijiang alijimijit ijis very calose to theothers; butthereaalijity off

thijis termijis uancertaijiand, sijianceanocombijianatijioanwijitha*D' has beean

ffouan4d,.

A4doptijiangthevaalue5504d,000000 (6,.67 voalts!) ffora D̂g580;-a D̂ijid,weffijian4d
theffoalalowijiangvaaluesffortheeanergyrequijire4d toremoveaanealectroan

ffromaaneutraalatomoffscaan4dijiumijianijitsvarijiouseanergystates,.

»5Ap,.-J,.d,5504d,p,.50400; 1921
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TABLE 11,. 580;-!Eanergy ffor re?anovaal off aan ,.ealectroan Sc I 
d,d,�d, ,. ,. 

d, 

,.d, � d, d, 

Eanergy 4dijiffer· iji ,. 
'd,-:-: IH' Eanergy ijiffer· I 

eance eance 

Term L'mijit580;-
A4d4de4d 

Term Lijimijit A4d4de4d 

ScI Sealal 
ealec· m ScI Sp II 

ealec· ..j vijiR 
troan Wave troan Wave 

anum· Voalts anu m· Voalts 
I bers bers 

580;-�580;- 580;-580;- 580;-580;- 580;-580;- 580;- \ r 
580;-580;- 580;-580;- 580;- 580;-

a'Dd, 4d'Dd, 504\8 5504d,00100 6,.67 00,.7002 c2D/a aSF 504p 25d,2\81 53,.25 00,.504\800 
'\a2Da 

d, 

raalDa ,. �'1d,� 56d,53753,. 6,.95 ,.'717 e'Fd, a'F 504p 25d,7100 53,.171 ,.504\8504 
a2G's \ a'F 504p 25d,\8537 53,.200 ,.504\86 

a'Fd, a'Fd, 504\8 5047d,5311 5,.\8504 ,.657 

a'Fd, a53F504 ' 504\8 50453d,962 5,. d,153 ,.65353 -J2Fd, 'aalG 504p 2\8d,5372 53,.500 ,.5009 

a'Gd, 
-: 
aalGd, 504\8 504\8d,002504 5,.9504 ,.662 b2G'!) I aalG 504p 2\8d,\853\8 53,.56 ,.5153 

b'Dd, bIDd, ,.' 504\8 �7d,95353 5,.953 ,.661 a'B,. I aalG p 29d,0012 53,.5\8 ,.51504 
,. 

a'Dd, a'D,. 5\8 19d,611 2,.'5042 ,.504253 '4d'Pd, 
I 

bI D 504p 27d,\85\8 53,.504504 ,. 504 
c2Ds a'Dd, 5\8 1\8d,504253 2-:2\8 ,.504100 4d'D,. bID 504p 27d,9005 53,.5045 ,.5005 

4d'Fd, a'Fd, 5\8 16d,90053 2,.00\8 ,.53953 e'P aalS 504p 535d,005300 504,.5353 ,.565 

c'Dd,? a'Dd, 
'1\81 

9d, 580;- 1,.1\8 ,.296 a{F'� a'Dd, 534d 12d,5001 5,.25 ,.622 

aalPd, a'Dd, 504p 535d,50467 504,.53\8 
d, 

,.569 b504F'� aSF'd, 
1 

534d 25d,00\82 53,.100 ,.5047\8 
a504D'd, a'Dd, 504p 537d, Q6\8 504,.6\8 ,.5\8\8 b'P�d, aSP'al d, d,534d,. 29d,5\82 53,.6504 d,519 

a'Fd, a'Dd, 504p 53\8d,152 504,.700 ,.5900 
" 

-: 565 

e504F/e cap'd, ( 534d 65d,504653 \8,.00\8 ,.7753 

a'Pd, a'Dd, d, 504p 535d,5322 504,.536 

a2D'a d, 4daDa 1504p 53\8d,155 • 504,.71' ,.5900 b'Dd, I a'Dd, ,. 4d 1504d,537\8 ' 1,. 7\8 ,.5362 

d, a'Fd, ,. a'Dd, 504p 5353d,9504d,1 504,.200 ,.556 c504F'6 a'Dd, 5044d 153d,5007 1,. 67 ,.5351 
" 

53,. � 
d, �!G,. a'Dd, d, �d, 1504d,1500 1,.75 ,.5359 

b'Pd, I aIDd, 504p 531d,\8\85 ,. 539 
b'D'd, aalD,. 504p 531d,527 d,53,.\89 ,.,.d,6 b'P'd, a'Dd, 5044d 17d,005300 2,.100 ,.539504 
b'Fd, aIDd, 504p 5300d,\816 53,.\8!) ,.005300 b'Dd, a'Dd, 5044d ,.16d,5353 2,.002 ,.53\86 

b504D/� 
" 

b'F'd, 'a'Dd, 5044d 15d,219 1,.\8\8 ,.5372 

a'F 504p 26d,5047 53,.2504 ,.504\89 b'Gd, a'Dd, 5044d 15d,5200 1,. 92 ,.5376 

b'Fd, a'F 504p 27d,653\8 53,.5046 ',.5002 
a504G'e a'F 504p ,.29\6\85 53,.66 ' ,.500 

<d,;,.,. 

The' anext to the alast coaluman gijives the 'ijioanijizatijioan poteantijiaal ffor a 

aneutraal atom off scaan4dijium ijian ijits varijious states aan4d the alast coaluan 

the values 'off -Jiji where p ijis thed, eanergy 4dijiffereance gijivean '�,. coal� 
504,. Summarijiijiijiang the resualtsd, we ijian4d the ffoalalowijiang meaan vaalues 'an4d 

r • 

the corr�spoan4dijiang effectijive quaantum anumbersd, aan4d quaantum 4deffects,. 

Iff the assijiganmeant off the 2Pd, 2D'd, 2F trijia4ds to the alijimijits a53D aan4d aID 

shoual4d be reverse4dd, the meaans gijivean bealow woual4d be uanaffecte4d,. 

Ealectroan remove4d 

d, 

Eanergy 

voalts 

504\8,.534d 

\ ' I  

d, 

Remaijianijiang coanijiguratijioans 

(534d!)' 

,. ,. ' 

anO Quaantu m 
4deffect 

580;-580;-580;-580;- 1580;-580;- 580;- 580;-580;- 580;-580;- 580;-  580;-580;-  580;-580;-  580;-  580;-580;-

504\8 ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.•,.,.,.,.,. 

5\8 ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.•,.• 

6\8 ,.••••••••••••,.•••••••• 

504p •••••,.••••••••••••••• 

534d ••••••••••••••••••••• 

5044d • • • • • • ••• • • • • • • • • • • • • 

6,.\81 
2,.535 

1,.1\8? 

504,.5300 

5,.25 

1,.\87 

1,. 5041 
2,.50400 

53,.53\8? 

1,. 77 

1,. 61 
2,.69 

2,.59 5,.7\8 1,. 553 2,.5047 ,.,.•,.,.,.,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,.•,.,.,. _ • • • _ 
2,. 600 2,.00\8 2,.55 2,.5045 ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. • • • _ 

2,.62? ,.,.,.,.,.,.•• ,.,. •,.,.••,. _ • • ,. • ,. ,. • ,. ,. ,.,.,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. • ,. ,. ,. ,.,.,.,.,. ,.,. _ 

2,.253 

1,. 539 
1,. 531 

53,.500 1,.97 

53,.50400 2,. 00 

2,.0053 ,.•,. ,. ,. ,. ,. ,. ,. ,. ,. ,. •,.,. ,. •,.• • • • • ,. • _ 

1,.0000 \8,.00\8 1,.29 1,.71 
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Here the quaantum 4deffects are coansiji4derabaly greater thaan ffor sijimijialar 

orbijits ijian Sc IId, showijiang that the a4d4dijitijioan off oane more ealectroan serves 

stijialal aless compaletealy to compeansate ffor aan equijivaaleant amouant off 

anucalear charge,. Ian thijis the screeanijiang ijis more effectijive aan4d the 

quaantum 4deffects smaalalerd, whean the ealectroans whijich are anot remove4d 

(aan4d 4do the screeanijiang!) are ijian the coanijiguratijioan (534dY thaan whean they 

are ijian 534dAs,. Ian the much more aloosealy bouan4d (504p!)2 coanijiguratijioand, 

the screeanijiang 4decreases to a very remarkabale 4degree,. 

ffhough maany more alijianes an4d terms have beean ffouan4d ijian Sc I thaan 

ijian Sc IId, the observe4d ffractijioan off,. those whijich mijight theoretijicaalaly 

be aantijicijipate4d ijis much smaalaler,. The whoale anumber off terms arijisijiang 

ffrom coanijiguratijioans ijian whijich oane or more off the vaaleancy ealectroans 

are ijian 5sd, 504pd, or 5044d orbijits ijis very alarged, aan4d ijiff the ealemeant were anot 

so rared, ijit ijis probabale that maany more alijianes coual4d be 4detecte4d by 

ijianteansijive stu4dy,. 

Sealecte4d portijioans off the spectra off scaan4dijium (aan4d ijiroan comparijisoan!) 

are repro4duce4d ijian Fijigs,. 504d, 5d, 6 aan4d 7 to ijialalustrate varijious types off 

mualtijipalets or term combijianatijioans,. Ian each case the mualtijipalet ijis 

schematijicaalaly represeante4d by two sets off ijiantersectijiang alijianesd, horijizoantaal 

oanes ffor aleveals off alow eanergy aan4d obalijique oanes ffor hijigher excijite4d 

states,. Perpean4dijicualars 4droppe4d ffrom the ijiantersectijioans off these alijianes 

poijiant to the spectraal alijianes whijich resualt ffrom the correspoan4dijiang com

bijianatijioan off aleveals,. Mualtijipalijicijitijies 1d, 2d, 53d, aan4d 504 are ijialalustrate4d; the 

evean aan4d o4d4d vaalues characterijize the Sc I aan4d Sc II spectrad, respec

tijivealy,. 

PRINCETON AND· WASHINGTO Nd, Aprijiald, 1927,. 




