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1 Interakce svétla s latkou

Pokud posvitime svétlem zndmé intenzity na vzorek latky, at uz plynné, kapalné ¢i pevné, ktera
alespon ¢astecné svétlo propousti, a zméifime intenzitu svétla proslého skrz vzorek, asi nés ne-
prekvapi, kdyz intenzita za vzorkem bude mensi nez intenzita svétla dopadajiciho. Protoze vsak
intenzitu C¢asto méfime jen v uréitém rozmezi vinovych délek a navic i sama latka mize byt zdro-
jem zafeni, vyslednd namérené intenzita za vzorkem miuZe byt dokonce i vétsi. Obecné v latce
bézné existuji tyto procesy odpovidajici za zménu intenzity:

e absorpce zafeni v objemu materiadlu — pfedavani energie zafeni latce, z niz vzorek pochézi,

e emise zafeni z objemu materidlu — vyzareni energie latky ve formé elektromagnetického
vlnéni,

e rozptyl zafeni — zména sméru Sifeni zafeni v latce,

e odraz na rozhranich latka-okolni prostiedi. Kazdé rozhrani (mysleno rozhrani mezi dvéma
prostfedimi s riznym indexem lomu) dopadajici svétlo ¢astetné odrazi a ¢astetné propousti.
Toho si muzeme lehce vSimnout napiiklad u vodni hladiny, kdy pozorujeme odlesky slunec-
niho svétla, tj. odrazené paprsky a soucasné dno osvétlené slune¢nimi paprsky, které musely
nejprve rozhranim vzduch-voda projit.
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Obrazek 1: Procesy v latce

Uvedené procesy jsou schématicky znazornény na obrazku 1. Pfi jejich popisu nevysta¢ime pouze
s Maxwellovou pfedstavou svétla jako elektromagnetického vinéni, ale musime pfijmout jeho kvan-
tovy charakter. Jako prvni pouzil kvantovy model svétla Max Planck (1900) a s jeho uspéchem
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Obréazek 2: Absorpce a emise fotonu

pri vysvétleni spektralni charakteristiky zafeni ¢erného télesa zapocala éra nové discipliny fyziky
— kvantové mechaniky.

Co to znamend, ze svétlo je kvantovano? To znamena, ze svétlo miize vznikat (emise) a nebo
zanikat (absorpce) pouze po uréitych porcich — kvantech — které nazyvame fotony. Tento fakt ma
zajimavé dusledky.

K uvolnéni energie vyzarenim fotonu (popf. pfijetim energie absorpci fotonu) muze dojit tehdy,
kdyz néjaky systém svoji energii zméni, tj. prejde ze stavu s jednou energii do stavu s energii
druhou, viz obr. 2.

Energiové stavy také nazyvame energiové hladiny. Ze zdkona zachovani je zfejmé, Ze energie
fotonu je rovna rozdilu energii dvou hladin, mezi kterymi doglo k prechodu, tj.

hy = By — By (1)

V dalsi ¢asti se podivame na uvedené procesy podrobnéji.

1.1 Absorpce

Pokud mé latka absorbovat svétlo (nebo obecné elektromagnetické zafeni), musi v ni existovat
systém, ktery miize zménit svoji energii o hodnotu energie dopadajiciho fotonu. V latce se zareni
miiZe absorbovat riznymi mechanismy:

1. Na elektronech. Energiové stavy elektroni mohou byt tvoreny bud diskrétnimi hladinami
(ve volnych atomech, popf. molekulach) anebo pasy (viz pasova teorie pevnych latek).

2. Na kmitajicich atomech. Absorbovany foton rozkmita atomy ,pruzné* spojené chemickou
vazbou. Takto se mohou rozkmitat atomy ve volné molekule (napiiklad molekula CO,
v plynu) nebo atomy v krystalové miizi. Vlastni frekvence téchto kmiti jsou v fadu 1013 Hz,
coz typicky odpovidé infracervenému zéfeni.

3. Na rotujicich molekulach. V plynné fazi mohou molekuly volné rotovat. Jsou-li polarni,
tj. maji-li dipolovy moment (typicky heteronukledrni molekuly) jako napi. HoO ¢ NHs,
mohou byt molekuly pii absorpci fotonu elektrickym polem vlny roztaceny nebo mohou
emisi fotonu pole generovat. Absorpce a emise zafeni spojené pouze se zménou rota¢niho
stavu molekul 1ze pozorovat v mikrovinné oblasti. Ke zméné rotace molekul vSak dochézi i
pii jejich rozkmitavani a pii zméné stavu elektronu v molekule (prvni dva p¥ipady).

Priklad struktury diskrétnich hladin v atomu a molekule je na obrazku 3. Rozdil energii jed-
notlivych elektronovych hladin byva bézné nékolik eV, atomy tak absorbuji a emituji zafeni v
UV, viditelné a blizké IR oblasti. Omezeny pocet hladin je pfi¢inou omezeného pocétu pfechodu
mezi nimi, a tedy i vilnovych délek, na kterych atom miize absorbovat zafeni. Protoze molekula
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Obrézek 3: Hladiny a pfechody mezi hladinami atomu neonu a molekuly dusiku.
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Obrazek 4: Energiové pasy v kovu a v nekovu.

miize také rotovat a vibrovat, pfi¢emz energie téchto pohybt jsou jemnéji kvantovany, struktura
elektronovych stavii molekuly je dale rozstépena do dalsich vibra¢nich a rota¢nich stavia. Molekula
tedy miize absorbovat a emitovat zafeni v Sirsi oblasti vlnovych délek.

Priklad pasové struktury pevnych latek je na obrazku 4. V kovech je posledni energiovy pas
obsazen velkym poctem elektroni (srovnatelnym s po¢tem neobsazenych stavii). Kov tak muze
absorbovat fotony v Sirokém spektru energii, protoze elektron, ktery foton absorbuje, snadno
najde v neobsazené Casti energiového pasu volny neobsazeny stav, do kterého muze prejit. Timto
zpusobem vysvétlime vysokou absorpci elektromagnetického zareni v kovech — kovova folie velmi
malé tloustky absorbuje prakticky veskeré zareni, které proslo pfes jeji povrch.

U nekovii (tj. izolant nebo polovodi¢i) je situace jina. Posledni obsazeny péas je témér zcela
plny (valen¢ni pas) a nad nim je témé&f prazdny vodivostni pas. Elektron z valen¢niho péasu pak
miiZe absorbovat foton jen tehdy, je-li energie fotonu dostate¢né k prekonéni energiové mezery £,
oddélujici oba pasy (tzv. zakdzany pas). Pro fotony s mensi energii k absorpci nedojde. Méfime-li
zévislost absorpce na vinové délce, zjistime jeji prudky narust od jisté vinové délky (smérem ke
kratsim vlnovym délkam) pravé v oblasti, kde energie fotont je rovna E,. Tomuto mistu fikame
absorp¢ni hrana — pro mensi energie (delsi A) je absorpce velmi nizka, tj. latka je dobfe priithledna,
pro vétsi energie (kratsi A ) je absorpce vysoka a latka pruhlednost ztraci.
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Obréazek 5: Zavislost intenzity proglého zareni na tloustce

S pronikanim zareni do hloubky a jeho postupnou absorpci latkou se intenzita zafeni snizuje
exponenciilné podle Lambertova— Beerova zakona

I(d) = Ipe*, (2)

ve kterém vystupuje intenzita zafeni vstupujiciho do latky, Iy, Iy = I(d = 0), a intenzita zafeni
v hloubce d, I(d). Veli¢ina k se nazyva linearni koeficient absorpce a ma jednoduchy vyznam:
v hloubce % je intenzita zeslabena e-krat (Eulerovo ¢islo). Pomoci absorpéniho koeficientu je tedy
mozné absorpci kvantitativné popsat, porovnavat schopnost riznych materiéli absorbovat zareni,
a také navrhovat soucastky s pozadovanou absorpci.

Graficky je tato zavislost znazornéna na obrazku 5. Odvozeni Lambertova—Beerova zékona je
v priloze B.

Priklad Dusledkem zavislosti absorbce zafeni na vinové délce je to, Ze za sklem se neopalime. Zhnédnuti

vvvvv

silngji pohlcovano, i kdyz ve viditelné ¢asti spektra je sklo i v relativné tlusté vrstvé dobie priihledné.

Priklad Kremik je polovodi¢ se sifkou zakazaného pasu E, = 1,1eV. Této energii odpovida vinova délka
A = 1,1 um. Pro kratsi viny kiemik absorbuje hodné, pro delsi je v podstaté prihledny (ne zcela, viz
absorpce na kmitech miiZe znézornéna na obrazku). Fotony viditelné ¢asti elektromagnetického spektra
(0,35 — 0,75) pm maji tedy jiz dostatek energie pro piekonéani zakédzaného pasu a kiemik v této oblasti
silné absorbuje. Nam se tedy kiemik jevi jako nepriithledny material s téméf kovovym leskem. Na obrazku
6 je zavislost koeficientu absorpce na vinové délce svétla od blizké UV oblasti az po vzdélenéjsi oblast IR.
Rozsah viditelného svétla je priblizné znazornén duhovym pasem. PovSimnéte si, Ze na obou soufadnicovych
oséch je logaritmické méritko.

Ve viditelné oblasti a blizkych oblastech je absorpce zprostredkovana interakei s elektrony p¥i mezipéso-
vém prechodu z valenéniho do vodivostniho pasu. V dlouhovlnné oblasti IR zafeni rozkmitava krystalovou
miiz. Mezi 1,2 pm a 6 pm kiemik absorbuje velmi malo a je v podstaté prithledny.

Za povsimnuti stoji obrovsky rozsah, ve kterém se koeficient absorpce méni. Nejmensi hodnoty jsou

kolem 10~2mm™!

, coz znamena, Ze tloustka 10cm zeslabi intenzitu zafeni asi 3x. Maximalni hodnoty
dosahuji 105 mm~!. V tomto piipadé je zafeni e-krat zeslabeno jiz na tloustce 107 m, tj. jen nékolika

malo atomy nad sebou.
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Obrazek 6: Koeficient absorpce zafeni v kifemiku

1.2 Emise zareni

7 ¢asti 1.1 vime, Ze atomy a molekuly se mohou nachézet v riznych stavech, mezi kterymi mohou
prechazet. Dodame-li jim energii, at uz pravé ozafenim a néaslednou absorpci, srazkami s elektrony
nebo zahfatim, prejdou do stavi s vyssi energii. V téchto tzv. excitovanych stavech vSak nevydrzi
dlouho — po ndhodné dobé se samy vrati do nizsiho stavu a vyzafi foton o pfislusné energii — viz
rovnice (1). Mluvime proto o spontanni emisi.

Pozorujeme-li zafeni takové latky pomoci spektrometru, tj. mérime-li zavislost intenzity zareni
jako funkei vlnové délky I()\), registrujeme intenzitu na téch vinovych délkach, pro které v latce
existuji (a realizuji se) prechody:

\ = [ hc
v E2 — E1

Podle energiové struktury pak muzeme pozorovat spektra ¢arova, pasova ¢i spojita.

V pripadé plynu je za normalnich podminek stfedni vzdélenost atomt nebo molekul podstatné
vEtsi nez je ,rozmér* atomu a jednotlivé Céstice se proto ovliviiuji velmi méalo. Pozorujeme-li zéfeni
plynu (napf. ve vybojce), spektrum je obvykle totozné se zafenim jednotlivych atomu a molekul.
Diky diskrétni struktufe hladin jsou spektra atomu a molekul v plynu ¢arova. U molekuly je
vS8ak k rozliSeni mnoha blizkych ¢ar zapotfeni vysokého rozliSeni vinovych délek. Vétsinou tak
pozorujeme molekulové spektrum s vice ¢i méné pravidelnou péasovou strukturou.
napr. zahfatim, vloZenim do elektrického pole a urychlenim elektroni aj. Pro popis vyzarovani
zahtatého télesa je nejjednodussi model ¢erného télesa vyzaiujictho rovnovazné tepelného zareni.
V roce 1900 pro n¢j Max Planck odvodil nasledujici vztah pro spektralni hustotu vyzafovani
Iét()\):

2hc? 1

A° (eklféx _ 1)

kde h je Planckova konstanta (6,625 - 10734 Js), ¢ rychlost svétla, k, Boltzmannova konstanta
(1,38 - 10723 JK1), A vlnova délka a T absolutni teplota. Planckiiv zakon (viz téz obrazek 7)
popisuje, jakou celkovou energii vyzaiuje dokonale ¢erné téleso a jak je tato energie rozdélena mezi
vlnové délky. Podstatné je, Ze intenzita vyzafovani zavisi jen na teploté a nezavisi na druhu latky.

I (M) = (Wm2sr ' nm™1),
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Obrazek 7: Spektralni hustota intenzity vyzafovani dokonale ¢erného télesa v zavislosti na teploté.
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Obrazek 8: Emisivita slabé sviticiho wolframového platku jako funkce vinové délky a teploty.

Odlisnost vyzarovani redlného zahtratého télesa od modelu ¢erného télesa popisuje veli¢ina
emisivita e(\, T'). Téleso pak vyzafuje podle vztahu

I()‘v T) - E(A, T) Iét(A7 T)7

kde I (A, T) je zaFeni Cerného télesa o téze teploté. Emisivita ¢erného télesa (idealni zafic) je tedy
rovna jedné, v béznych piipadech ¢ < 1. Pokud je emisivita télesa v daném intervalu vlnovych
délek konstantni, téleso zari jako tzv. Sedy zaric. Méni-li se, mluvime o selektivnim zari¢i. Emisivita
rozzhaveného wolframu se v oblasti viditelného zafeni méni v rozmezi 0,41 — 0,49 (viz obr. 8).
Wolfram je tedy slabé selektivni zari¢. Spektrum wolframového vldkna je tak podobné spojitému
spektru ¢erného télesa. Maximum vyzafovani zavisi na teploté vlakna a lezi v infracervené oblasti.

Popis vyzafovani chladnych pevnych systému jako napt. diod LED je pfiloze A.3.
Spektra vybranych zdroju, ve kterych sviti atomy Hg, Na, Ne, molekula No, rozhavené wolfra-
mové vlakno zarovky ¢i UV zafenim excitovany luminofor, jsou vykreslena na obrazku 9.
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Obrazek 9: Optickd spektra riznych zdroji. Obrézky byly vygeneroviny ze spekter mérenych
miizkovym spektrometrem. Detaily spekter lze prohlizet v elektronické verzi tohoto dokumentu
(zvétSenim nahledu).

1.2.1 Fotoluminiscence

Emisi zafeni pozorujeme rovnéZ pii procesu zvaném fotoluminiscence (viz obr. 10). Absorpci fotonu
je sice elektron excitovan az na hladinu Es, ale pouze ¢ast takto ziskané energie je vyuzita na emisi
zareni. Fotoluminiscence se tedy projevuje vznikem zéfeni o vyssi vlnové délce, nez je vinova délka
puvodniho absorbovaného svétla.

Neni-li pfimé souvislost mezi procesy absorpce a emise zareni, vzniklé zafeni se $ifi do v8ech
smérii a je nepolarizované. Fotoluminiscenci miizeme pozorovat u vSech skupenstvi, v praktiku
se seznamite s fotoluminiscenci kapalin (fluorescen¢ni barviva) a pevnych latek (luminofory ve
vybojovych trubicich, luminiscenéni stinitka).

1.3 Rozptyl

Pri sifeni svétla latkou muze také dochézet k rozptylu na nehomogenitach latky — rozptylovych
centrech, pri némz svétlo méni svij smér. I kdyz zafeni neni absorbovano, rozptyl zafeni do
ruznych sméru snizuje intenzitu prochézejiciho svételného svazku podobné jako absorpce podle
exponencidlniho zakona 2. Pokud rozptylova centra maji rozméry mensi, nez je vlnova délka svétla
A, mluvime o tzv. Rayleighové rozptylu. Na rozdil od luminiscence méa rozptylené zafeni vlnovou
délku stejnou jako zéfeni ve svazku, u¢innost Rayleighova rozptylu je ale funkci vinové délky

O X —r

A4
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Obréazek 10: Zjednodusené schéma vzniku fotoluminiscence. Skutefné realizace (pocet hladin,
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poradi a typ elektronovych prechodii apod.) miize byt slozitéjsi.
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Obrazek 11: Schéma sestaveni optické lavice pro pozorovani absorpc¢nich spekter kapalin.

Ve sméru kolmém na smér budiciho svételného svazku je navic rozptylené zafeni polarizovano.

2 Meéreni optickych spekter
V praktiku budeme opticka spektra zobrazovat tfemi zpiisoby:

1. Na optické lavici. Stérbinu osvétlenou zdro jem svétla zaosti{me ¢ockou na stinitko a poté do
cesty vlozime opticky hranol. K rozdéleni svétla podle vlnovych délek dojde vlivem disperze
svétla v hranolu (tj. vlivem zavislosti indexu lomu skla na vlnové délce). Viz obr. 11.

2. Hranolovym spektroskopem. Spektroskop pouziva opét opticky hranol a ma podobné uspo-
radani jako na obr. 11. Zkoumany zdroj svétla se umisti pfed optickou stérbinu spektroskopu
tak, aby osvétleni Stérbiny bylo co nejvétsi. Spektrum pozorujeme okuldrem, umisténym na
konci druhého ramene spektroskopu. Nejprve zkontrolujeme, zda je stérbina dostatecné ote-
viena, aby spektralni ¢ary byly viditelné, ale nepiilis Siroké. Pokud jsou ¢ary rozmazané, je
nutné spektroskop zaostfit vysouvanim/zasouvanim tubusu se vstupni Stérbinou. Ve spek-
troskopu vidime vzdy jen Cést spektra, ve spektru se posouvame pomoci oto¢ného kolecka.
Poloha nitkového kiize ve spektru je ukazovana na stupnici. Pro stanoveni vlnové délky cary,
nad kterou se kiiZz naléza, lze pouzit priloZeny graf 15.
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3. Spektrometrem Avaspec-3648, pfipojeném pies rozhrani USB k PC. Spektrometr k rozdéleni

2.1

vlnovych délek pouziva difrakéni miizku, vzniklé spektrum dopada na CCD ¢&ip. Misto ¢ocky
je pouzito zrcadlo. Svétlo je na Stérbinu privedeno optickym vlaknem.

Pro zobrazeni spektra na pocitaci spustime program AvaSoft 7.5 for AvaSpec-USB2. Nasta-
vime vhodnou integra¢ni dobu v milisekundéch a spustime méfeni tla¢itkem Start. Integracni
dobu ménit v rozsahu 2 ms az nékolika sekund. Vyhodou spektrometru je, ze mé¥i spektrum
v rozsahu 200 — 1100 nm, muZzeme ho tedy pouZit i ke studiu spekter UV a IR zafeni.

Bezpecnostni pokyny pro praci se zdroji zareni a mérici technikou

Halogenovou zarovku lze napajet maximalnim napétim 24 V. Pfed zapojenim zdroje vzdy
snizte napéti na nulu a poté opatrné zvysujte napajeci napéti. Bud'te vzdy opatrni, abyste
zdroj svétla nespalili. Dbejte zvySené opatrnosti zejména pii praci v zatemnéné mistnosti,
kdy ukazatele napéti a proudu nejsou ¢itelné.

Vsechny vybojky, s vyjimkou neonové doutnavky, musi byt napajeny z prislus-
ného specialniho zdroje. Zapojenim do lampy (svitidla) ¢i pfimym pfipojenim
do sité se vybojka znici!

Do zdroju UV a silnych zdroju svétla se nedivejte.

Pri praci se spektrometrem Avaspec vzdy zajistéte, aby intenzita nepresahovala hodnotu
60 000. Pokud spektrum vypada jako zvinéné ¢ara v horni ¢ésti grafu, CCD ¢ip spektrometru
je preexponovan a muze byt i znicen! V tomto piipadé rychle snizte integracni dobu nebo
vldkno odklonite od zdroje svétla.

Optické vlakno spektrometru Avaspec (fialovy, piipadné ¢erny ,kabel“) je vyrobeno ze skla.
Zéasadné jej proto neohybejte, hrozi zlomeni vlakna!

Ukoly

Absorpce IR/VIS zareni v polovodiéich

1. Pred halogenovou zarovku napajenou zdrojem s nastavenym napétim 23V umistéte pii-

pravek s dvojici desti¢ek. Jedna je z k¥emiku (Si) a druha z arzenidu galitého (GaAs).
Na spektrometru Awvaspec nastavte integraéni dobu kolem 1000 ms a konec vldkna vybavte
kolimatorem. Namifte vldkno pfes piipravek na zarovku a pozorujte na displeji spektrum
proslého zareni. Dévejte dobry pozor, abyste nenamitili vlakno do zdroje bez pfitomnosti po-
lovodicové desticky. Vidite néjaky rozdil mezi obéma destickami? Jak vysvétlite pozorovany
jev, vite-li, Ze polovodi¢ GaAs mé Sitku zakédzaného pasu 1,34 eV? Jste schopni identifikovat,
kteréd desticka je z Si a kterd z GaAs?

Absorpce UV zareni

1. K ptipravku pro vklddani vzorkii pripojte z jedné strany svétlovod od deuteriové vybojky,

z druhé strany svétlovod vedouci ke spektrometru. Zapnéte deuteriovou (Ds) vybojku a
nechte ji nazhavit tak dlouho, Ze spektrum se jiz vyrazné neméni, nejméné pét minut; pritom
se orientujte se podle spektrometru. Vybojka produkuje silné UV zareni, do vybojky se
zésadné nedivejte a vyhnéte se i ozarovani pokozky.

Nyni vkladejte do pripravku vzorky riznych materiali a pozorujte, od které vlnové délky

vzorek zafeni propousti / nepropousti. Zméite timto zpisobem absorpéni hranu ve skle,
v brylové ¢oc¢ce s UV filtrem, v plexiskle a hlinikové folii.
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3.

Stanovte koeficient absorpce UV zéafeni ve skle na vinové délce 330 nm zméfenim zavis-
losti intenzity proslého UV zafeni na tloustce skla. Tloustku desti¢ek zméfte mikrometrem.
Do pripravku postupné vkladejte riizné tlusté sklenéné desticky a pomoci kurzoru odeci-
tejte intenzitu na dané vlnové délce. Prizpusobujte integracni dobu tak, aby intenzita se
neztracela v Sumu. Intenzitu vydélenou integracni dobou zakreslete v programu QtiPlot do
grafu v linedrnim i logaritmickém méritku. Metodou nejmensich ¢tverct urcete koeficient
absorpce k.

Luminescence a rozptyl

1.

Napliite sklenénou kyvetu vodou a rozetete v ni mydlo tak, aby byla voda zakalena. Vodu
prosvétlujte halogenovou zarovkou a kolmo na tento smér pozorujte zafeni vychézejici z
kapaliny pfes polarizacni filtr. Co pozorujete pii otaceni filtru? Jde o luminescenci nebo
rozptyl?

Nyni akvarium vymeénte za kadinku s barvivem a test s polarizacnim filtrem opakujte. Jaky
je zavér vaseho pozorovani? Jakou barvu mé svétlo vyzarované z kapaliny?

Pozorujte absorpci zareni v luminescencénim roztoku na optické lavici. Zobrazte pomoci ¢ocky
a optického hranolu na stinitku spektrum halogenové zarovky. Nyni do cesty zareni vlozte
kyvetku s luminescenénim roztokem. Pozorujte, jak se spektrum vlozenim kyvetky zméni.
Vsimnéte si, jakou barvu méa zafeni vychéazejici z roztoku.

Dokaite, Ze zafeni v roztoku skuteéné vznika. Zmeétte si spektrum modré LED diody (470 nm)
na pfipravku. Nyni pfed diodu vlozte kyvetku a kolmo na smér modrého svétla zméite po-
moci spektrometru a vldkna s nasazenym kolimatorem emitované spektrum.

Emise zareni, zdroje svétla

A

1.

Pomoci hranolového spektroskopu a spektrometru Avaspec pozorujte spektrum rtutové vy-
bojky. Najdéte nejintenzivnéjsi ¢ary ve spektru a porovnejte je s atlasem vlnovych délek.

. Studujte spektrum kompaktni zarivky. Porovnejte jeji spektrum se spektrem rtutové vy-

bojky.

Pomoci hranolového spektrokopu pozorujte spektrum vybojky Phywe. Co ve vybojce sviti?
Kolik c¢ar vidite ve zluté oblasti? Kolik ¢ar vidi spektrometr Avaspec? Srovnejte vysledek
pozorovani s atlasem a diagramem na obr. 14.

. Pomoci hranolového spektroskopu nebo spektrometru Avaspec studujte ¢asovy vyvoj spektra

vysokotlaké sodikové vybojky po zapnuti. U spektrometru Avaspec budete muset vicekrat
prizptsobovat integra¢ni dobu. Jaky jev pozorujete? Jaké je jeho vysvétleni? Jaky je rozdil
mezi spektry nizkotlaké a vysokotlaké sodikové vybojky?

5. Studujte spektrum doutnavky. Jaky plyn obsahuje?

Porovnejte spektra ruznych diod LED. Jak se spektra diod 1isi od spekter vybojek a proc¢?

Pomoci spektrometru Avaspec srovnejte spektrum modré a bilé diody LED. V ¢em jsou
podobna?

Poznamka z praxe — komerc¢ni zdroje svétla

A.1 Zarovky

Zarovka vyzaiuje tepelné zareni. V piipadé wolframového vldkna (kov) je ve vodivostnim pasu
(viz pasova teorie latek vyse) dostatecné mnozstvi elektront, které mohou vést elektricky proud.
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Je zde ovsem také velké mnozstvi volnych energiovych hladin. Elektrony urychlované pfilozenym
elektrickym polem mohou proto v ramci pasu snadno piechézet do hladin s vySsi energii. Pri
navratu zpét do nizsich hladin se zbavuji prebytecné energie srazkami s krystalovou miizi (¢imz
se zvySuje teplota kovu) nebo vyzafenim elektromagnetického vinéni (fotonu s patfi¢nou energii).

Vnitini prostor baiiky je u zarovek do 25 W vyCerpén, u zarovek nad 25 W je naplni argon
a krypton (Casto s primési dusiku). Ochlazovani vldkna proudénim plynu je omezeno svinutim
vladkna do Sroubovice.

Halogenova wolframova Zarovka. U béZznych zarovek v prubéhu zivota dochazi k usazovani
odpafreného wolframu na sténach zérovky, ¢imz se snizuje svételny vykon a zvySuje riziko prepéleni.
Halogenové-wolframové zarovky proto v plnicim plynu obsahuji pfimés halového plynu (I nebo Br),
ktery tomuto jevu zabranuje v tzv. halogenovém cyklu: Po zapnuti zarovky dochézi k disociaci

CHsl — CHs + 1.
Wolfram odpareny z vlakna se dostéva ke sténé, kde diky nizsi teploté reaguje s jodem
21+ W — WI,.
W1, se diftzi dostéva zpét k vlaknu, kde disociuje
Wi, — 21+ W.

Vznikly wolfram se znovu usazuje na vlakné a halogen je uvolnén do dalsiho obéhu. K udrzeni
efektivni ¢innosti halogenového cyklu je potieba vyssi teplota stén (pres 250 °C, miize dosahnout
a7z 650°C). Zarovka je proto mensich rozméri a je vyrdbéna z kfemenného nebo tézkotavitelného
skla. Diky halogenovému cyklu je mozné halogenové zarovky provozovat na vyssi teploté, pii které
je, ve srovnani s klasickymi zarovkami, vyzarovano vice energie ve viditelné oblasti. Halogenové
zarovky si také (neslepnutim) udrzuji svételny vykon a jejich Zivotnost je dvojnasobna ve srovnani
s normalnimi Zarovkami.

Spektrélni rozdéleni vyzarené energie je obdobné bé&znym zarovkam, diky vyssi teploté vlakna
(2400 — 3250) °C je v8ak posunuto ke kratsim vlnovym délkam. Maximum intenzity lezi v in-
fradervené oblasti. Mnohem méné vyzaruje v optické oblasti. V UV oblasti vyzaiuje méné nez
1 % celkové vyzarené energie, v zavislosti na pouzitém obalovém materialu. Néktefi vyrobei v
souCasnosti pouzivaji specialni kfemenné sklo s absorpci v UV oblasti.

Protoze halogenova zarovka pracuje pod tlakem vyS$im nez 1 atm, existuje riziko jejiho prask-
nuti.

A.2 Zdroje svétla — vybojky

Vybojky pracuji na principu vedeni elektrického proudu v plynu. Urychlené elektrony se srazi s
atomy nebo molekulami plynu, ¢im# dochazi k jejich k excitaci. Po kratké dobé (fadové 1078 s)
atom /molekula spontanni emisi prechézi do nizstho stavu. Spektralni charakteristika vybojky je
proto dana jeji plynnou naplni. Mezi vhodné plyny patii neon, argon, krypton, xenon, halogenidy
a pary rtuti ¢i sodiku.

Vysokotlaka rtutova vybojka mé dvojitou konstrukci tvofenou vngjsi a vnitini bafkou.
Vnitini kfemenna trubicka obsahuje kapku rtuti a malé mnozstvi argonu. Vnéjsi banka chrani
vnitini ¢ast pred ochlazovanim a teplotnimi zménami, jeji inertni napln (dusik) zabranuje oxidaci
privodt, stény mohou byt pokryty luminoforem nebo jinou latkou zabranujici prichodu nékterych
vinovych délek.

Protoze rtut je za norméalnich podminek v kapalném stavu, pii zapaleni vybojky hoti oblouk
nejprve v argonu. Obloukovy vyboj vybojku zah¥iva a zptsobuje vypafovani rtuti. Vybojka proto
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Obrazek 12: Schéma vysokotlaké rtutové vybojky.

nabiha pomaleji. Konecny tlak rtutovych par zavisi na po¢ateénim mnozstvi rtuti a pohybuje se
kolem 4 at.

Rtutova vybojka bez luminoforu je nevhodné pro osvétlovani. Priblizné % emitovaného zafeni
je v UV oblasti. Dulezité spektralni ¢ary ve viditelné oblasti (404,7 nm, triplet 433,9nm, 434,7 nm,
435,8 nm, 546,1 nm, 557 — 559 nm) zpusobuji zdiraznéni modré, zelené a zluté barvy osvétlovanych
predméti, zatimco absence Car v Cervené oblasti zpusobuje potlaCeni Cervené barvy. Rtutova
vybojka se proto pouziva zejména jako zdroj UV zafeni (horské slunce apod.). Vysokotlaka rtutova
vybojka s luminoforem se béné pouziva v pouli¢nim osvétleni (lampy zafici bilym svétlem).

Vysokotlakid sodikova vybojka ma opét dvojitou konstrukci. Vnitini ,hofék®, vyrobeny z
polykrystalického korundu odolévajiciho vysokym teplotam, obsahuje sodik a jako startovaci plyn
neon. Vnéjsi banka je pro sniZzeni tepelné vodivosti evakuovana. Obloukovy vyboj zapéaleny v neonu
zpusobuje vypafovani sodiku a narust tlaku. Vyhodou sodikovych vybojek je vyzafovani v oblasti
blizké maximalni citlivosti lidského oka (555 nm). Vybojka sviti zlutym svétlem sodikového dubletu
o vinovych délkach 588,9950 nm a 589,5924 nm, ktery je u vysokotlakych vybojek znacné tlakoveé
rozsifen. Nevyhodou je Spatné barevné podani. Sodikova vybojka se proto pouziva k osvétleni
silnic, vefejnych prostranstvi a vyrobnich hal.

i)

Obrazek 13: Vysokotlaka sodikova vybojka.

Fluorescentni zarivka je nizkotlaki rtutovi vybojka, jejiz stény jsou pokryty luminoforem.
Luminofor je latka, ktera pohlcuje zareni v UV oblasti (tj. zaFeni rtuti o 253 nm) a vyzafuje je
do viditelné ¢asti spektra. Michdnim luminofort riznych barev lze dosahnout rizného barevného
odstinu. Spektrum zarivky je kombinaci spektra zafeni plynu a spektra zareni luminoforu.

e linearni zarivka — zarivkové trubice usazovana do specidlniho zdroje obsahujiciho startér a
tlumivku.



Fyzikdlni praktikum 18

e kompaktni zafivka — elektronika je soucasti patice. Lze ji proto pouzivat na misté klasické
zZarovky.

Vyhodou fluorescentnich zarivek je jejich vyssi svételna acinnost.

Doutnavka je vybojka ve tvaru banky ¢i malé trubi¢ky plnéné neonem o tlaku 1,0 — 1,3 kPa
(cca 1072 at). Proud doutnavkou je omezen sériové piipojenym rezistorem (asto piimo v patici).
Elektrody jsou blizko u sebe a maji tvar prstence a kotoucku nebo dvojité sroubovice. Pro zapéleni
doutnavého vyboje postacuje sitové napéti. Pro svou malou spotiebu se doutnavky pouzivaly jako
svételné kontrolky, v souCasnosti jsou nahrazovany sviticimi diodami.

A.3 Zdroje svétla — svitici diody LED

Svitici dioda LED (Light Emitting Diode) je polovodi¢ova dioda vyrobena z vhodného materialu
(viz tabulka 1.) Zapojeni diody v propustném sméru zptisobuje injekci majoritnich nosi¢a do
polovodice opa¢né vodivosti. Nékteré pary (elektron + dira) pfitom rekombinuji a uvoliuji energii
rovnou piiblizné $ifce zakdzaného pasu. Energie miize byt absorbovana krystalovou mfizi nebo
vyzafena ve formé fotonu. U kifemikovych diod (8ifka zakdzaného péasu 1,1 eV) je uvolhované
energie pievazné absorbovana v krystalu, coz se projevuje zahfivanim diody. Diody z GaAs (3itka
zakézaného pasu 1,34 €V) vyzafuji v infracervené oblasti; diody z GaAsP s jesté Sirsim zakdzanym
prechodem jiz vyzafuje v ¢ervené oblasti spektra, atd. Volbou materialu o vhodné sifce zakazaného
pasu lze vyrobit diody svitici v rtizné ¢asti optického spektra (viz tab. 1). Bilé svitici diody vyrobit
dvéma zpusoby:

o aditivnim michédnim barev z ¢ervené, modré a zelené diody,

e pridanim Zluté sviticiho luminoforu k modré diodé.

A (nm) | barva napéti (V) | intenzita ahel vidit. | material

940 infracervena 1.5 16mW @50mA 15° GaAlAs/GaAs

880 infracervena 1.7 18mW @50mA 15° GaAIAs/GaAs

850 infradervena 1.7 26mW Q50mA 15° GaAlAs/GaAs

660 ultracervend 1.8 2000mcd @50mA 15° GaAlAs/GaAs

635 Cervené 2.0 200mcd @20mA 15° GaAsP/GaP

633 super cervena 2.2 3500med @20mA 15° InGaAlP

620 super oranzova 2.2 4500med @20mA 15° InGaAlP

612 super oranzova 2.2 6500med @20mA 15° InGaAlP

605 oranzova 2.1 160mcd @20mA 15° GaAsP/GaP

595 super zluta 2.2 5500mcd @20mA 15° InGaAlP

592 super zluté cista 2.1 7000mcd @20mA 15° InGaAlP

585 zlutéa 2.1 100med @20mA 15° GaAsP/GaP
4500 K | Zhava bila 3.6 2000mecd @20mA 20° SiC/GaN
6500 K | bleda bila 3.6 4000mcd @20mA 20° SiC/GaN
8000 K | studena bila 3.6 6000mcd @20mA 20° SiC/GaN

574 zluta citonova 2.4 1000mcd @20mA 15° InGaAIP

570 zelena citonova 2.0 1000mcd @20mA 15° InGaAIP

565 zelend 2.1 200mcd @20mA 15° GaP/GaP

560 super zelena 2.1 350mcd @20mA 15° InGaAIP

555 zelend 2.1 80mcd @20mA 15° GaP/GaP

1525 akvamarinova 3.5 10,000med @20mA | 15° SiC/GaN

505 modrozelena 3.5 2000mcd @20mA 45° SiC/GaN

470 super modra 3.6 3000mcd @20mA 15° SiC/GaN

430 ultra modré 3.8 100mcd @20mA 15° SiC/GaN

Tabulka 1: Diody LED — barva a pouzité materialy, pfiklady (podle http://www.oksolar.com).

Svitici diody LED se pouZivaji k riznym tceltim: barevné diody vétSinou slouzi jako indikatory
stavu, jsou soucasti maticovych zobrazovaci. Bilé vysoce svitivé diody se pouzivaji jako nahrada
zéarovky k osvétlovani. Infracervené diody slouZi k osvétlovani okoli snimaného bezpednostnimi
infracervenymi kamerami.
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B Odvozeni Lambertova — Beerova zakona

Zajimé nas, jak se sniZi intenzita svétla po prichodu planparalelni destickou tloustky d vyrobené
z daného materidlu. Vypocet vychazi z prirozeného piedpokladu, Ze absorbované intenzita Al ve
velmi tenké vrstvicce tloustky Az je tmérna intenzité dopadajici I a tloustce vrstvicky Az!. Tedy

Al = —kIAx, (3)

kde k je koeficient absorpce zavisejici na materidlu a vinové délce dopadajiciho zareni. Znaménko
minus vyjadiuje skute¢nost, Ze intenzita ubyva, tedy Al je zdporné. Limitnim pfechodem k ne-
konefné malym zménam dostaneme diferencialni rovnici

dl = —kldz, (4)
jejimz feSenim je pravé vztah mezi proslou intenzitou a tloustkou 2.

Vidime, Ze intenzita proslého svétla klesa exponencialné s tloustkou vrstvy, a nebo také mizeme
fici, ze klesa exponencialné s hloubkou (pokud nés zajiméa intenzita uvnit materialu). Jelikoz jsme
pri odvozovani tohoto vztahu nikde nepouzili predpoklad, Ze popisujeme absorpci svétla, plati
rovnice nejen pro svétlo, ale i pro jina zafeni (napt. UV, RTG, radioaktivni zafeni apod.).

C Polotloustka materialu

Casto se pouziva i nazornéjsi veli¢ina, tzv. polotloustka, ktera udéavé tloustku daného materialu,
jez zeslabi dopadajici zafeni na polovinu. Pfesvédéte se sami, Ze polotloustka d souvisi s k vztahem

a rovnice (2) prejde do tvaru

32 P1/2 D5/2. 312

514
Triplets

1im .
w A
o [=}
o o

Energy / eV
N
(=}
o

184.93 nm

24
14 (o]
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Obréazek 14: Nékteré pfechody mezi hladinami rtuti a sodiku.

1Vsimame si pouze absorpce, daldi jevy jako nap¥. odraz na rozhranich nyni neuvazujeme.
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E Tabulky vinovych délek

E.1 Spektralni ¢ary rtuti

Wavelength | Rel. | Aki | Ji | Jk |gilgkl
Air | Int. | (1078s-1)| | [
(am) | | | | [ .

224.75500 5 - - - - -
230.20600 20 - - - - -
232.32000 15 - - - - -
234.05700 5 - - - - -
234.54300 20 - - - - -
235.24800 20 - - - - -
237.83200 100 - - - - -
238.00000 20 - - - - -
239.93800 40 - - - - -
239.97300 20 - - - - -
240.04900 10 - - - - -
244.10600 5 - - - - -
244.69000 20 - - - - -
246.40600 15 - - - - -
248.20000 40 - - - - -
248.27200 30 - - - - -
248.38200 40 - - - - -
253.47700 90 - - - - -
253.65200 15000 8.000E-02 0.0 1.0 1
256.38600 25 - - - - -
257.62900 25 -

257.89100 5 - - - - -
262.51900 15 -

263.97800 5 - - - - -
265.20400 250 3.880E-01 1.0 2.0 3 5
265.36900 400 - - - - -
265.51300 100 1.100E-01 1.0 2.0 3 5
267.49100 5 - - - - -
269.88300 50 - - -
269.93800 50 - - - - -
275.27800 80 6.100E-02 0.0 1.
275.97100 20 - - - - -
280.34600 40 - - - - -
280.44300 30 - - -
280.53400 2 - - - - -
280.67700 2 - - - - -
285.69400 50 1.100E-02 1.0 0.0 3 1
289.36000 150 1.600E-01 1.0 1.0 3 3
292.54100 60 7.700E-02 2.0 1.0 5 3
296.72800 1200 4.500E-01 0.0 1.0 1 3
302.15000 300 5.090E-01 2.0 3.0 5 7
302.34700 120 9.400E-02 2.0 2.0 5 5
302.56100 30 - - - - -
302.74900 50 2.000E-02 2.0 2.0 5 5
312.56700 400 6.560E-01 1.0 2.0 3 5
313.15500 320 - - - - -
313.18400 320 - - - - -
334.14800 80 1.680E-01 2.0 1.0 5 3
365.01500 2800 1.300E+00 2.0 3.0 5 7
365.48400 300 1.800E-01 2.0 2.0 5 5
366.28800 80 - - - - -
366.32800 240 - - - - -
370.14400 30 - - - - -
370.41700 35 - -
380.16600 30 - - - -
390.18700 20 - - -
390.63700 60 - - - - -
404.65600 1800 2.100E-01 0.0 1.0 1 3
407.78300 150 4.000E-02 1.0 0.0 3 1
410.80500 40 3.000E-02 1.0 0.0 3 1
433.92200 250 2.880E-02 1.0 2.0 3 5
434.36300 - - - - - -
434.74900 400 8.400E-02 1.0 2.0 3 5
435.83300 4000 5.570E-01 1.0 1.0 3 3
488.30000 5 - - - - -
488.99100 5 - - - - -
491.60700 80 5.800E-02 1.0 0.0

497.03700 5 - -
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06400 5 - - -
56400 - 2.700E-04 1.0 1.
27000 20 - -
06400 40 - - -
79400 20 - - -
07400 20 - - -
67800 5 - - -
40500 60 - - -
46300 30 - - -
07400 1100 4.870E-01 2.0 1
96300 30 - - -
58600 160 - - -
96000 240 2.360E-01 1.0 2.
96600 100 - -
06600 280 - - -
37800 140 -
92500 60 - -
19800 20 - - -
27200 20 - - -
44000 30 5.300E-03 0.0 1.0
64300 160 4.300E-03 0.0 1.0
75200 2560 2.800E-02 1.0 2.0
19000 250 - - -
18600 200 - - -
88200 20 9.700E-03 0.0 1.0
E.2 Spektralni ¢ary sodiku
Wavelength| Rel. | Aki |Accl| Ei
I | Int. | (10"8s-1)| | (e
nm) | | | I
37650 - 3.870E-05 C+’ 0.000000
37680 - 3.870E-05 C+’ 0.000000
65940 - 4.640E-05 C+’ 0.000000
65970 - 4.640E-05 C+’ 0.000000
00100 - 5.600E-05 C+’ 0.000000
00130 - 5.600E-05 C+’ 0.000000
41890 - 6.800E-05 C+’ 0.000000
41920 - 6.800E-05 C+’ 0.000000
93770 - 8.600E-05 C+’ 0.000000
93820 - 8.600E-05 C+’ 0.000000
59310 - 1.120E-04 C+’ 0.000000
59370 - 1.120E-04 C+’ 0.000000
43790 - 1.440E-04 C+’ 0.000000
43870 - 1.440E-04 C+’ 0.000000
55360 - 1.940E-04 C+’ 0.000000
55470 - 1.940E-04 C+’ 0.000000
07130 - 2.760E-04 C+’ 0.000000
07270 - 2.760E-04 C+’ 0.000000
21340 - 4.050E-04 C+’ 0.000000
21550 - 4.050E-04 C+’ 0.000000
38410 20 6.600E-04 C+’ 0.000000
38720 10 6.600E-04 C+’ 0.000000
38690 70 1.200E-03 C+’ 0.000000
39190 35 1.200E-03 C+’ 0.000000
03410 200 2.260E-03 C+’ 0.000000
04330 100 2.260E-03 C+’ 0.000000
28110 400 6.000E-03 C+ 0.000000
30120 200 6.000E-03 C+ 0.000000
36200 2 - -
23690 1200 2.810E-02 C+ 0.000000
29780 600 2.810E-02 C+ 0.000000
68600 50 - -
30120 - 1.700E-03 C 2.102298
60390 - 3.400E-04 C 2.104430
60390 - 2.040E-03 C  2.104430
91380 - 5.900E-04 C 2.102298
21740 - 1.180E-03 C 2.104430
30010 - 2.200E-03 C 2.102298
60570 - 4.390E-04 C  2.104430
60570 - 2.630E-03 C  2.104430
08990 - T7.100E-04 C 2.102298
39660 - 1.410E-03 C 2.104430
89880 6 2.900E-03 C  2.102298
20810 10 5.800E-04 C 2.104430
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2S-2Px*
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25-2P*
25-2Px*
25-2Px*
2S-2Px*
25-2Px*
25-2Px*
2S-2Px*
25-2Px*
25-2Px*
2S-2Px*
25-2Px*
25-2Px*
2S-2Px*
25-2Px*
2S-2Px*
25-2Px*
25-2Px*
2S-2Px*
2S-2Px*
25-2Px*
2S-2Px*
25-2Px*
25-2Px*
2S-2Px*
25-2Px*
25-2P*

25-2Px*
2S-2Px*

2P*-2D
2P*-2D
2P*-2D
2P*-28
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2P*-28
2P*-28
2P*-2D
2P*-2D
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424,
424,
425.
427.
427.
427.
428.
429.
432.
432.
432.
434,
434.
439.
439.
439.
441.
.32470
449.
.76570
449.
454 .
454,
466.
466.
466.
474.
475.
497.
498.
.28130
514.
.34020
568.
568.
568.
588.
589.
615.
616.
663.
663.
668.
668.
674.
674.
682.
682.
694.
694.
711.
T11.
737.
737.
780.
781.
818.
819.
819.
864 .
865.
879.
879.
879.
894.
894.
894.
915.
915.
915.
946.
946.
946.
949.
949.
949.
952.
952.

442

449

498

515

20810
94110
25200
36430
67870
67870
78400
10040
14010
46160
46160
14890
47340
00230
33400
33400
98840

41800

76570
16330
51840
48110
85570
85590
79410
18220
85410
28080

88380

26330
81930
82050
99500
59240
42250
07470
19520
19870
02150
02600
30850
31440
72710
73510
39530
40660
30360
32030
32300
34900
97800
02400
32550
47900
48240
99300
08900
30910
30910
31300
29400
29400
29800
38600
38600
39100
59200
59200
59600
25700
76100
76100
40200
91000
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.460E-03
.7T00E-04
.730E-03
.910E-03
.800E-04
.690E-03
.190E-03
.380E-03
.500E-03
.090E-03
.600E-03
.600E-03
.200E-03
.700E-03
.600E-03
.200E-03
.330E-03
.660E-03
.200E-02
.400E-03
.400E-02
.590E-03
.200E-03
.330E-02
.100E-03
.500E-02
.300E-03
.270E-02
.100E-02
.200E-03
.890E-02
.170E-02
.330E-02
.030E-01
.100E-02
.200E-01
.220E-01
.180E-01
.600E-02
.200E-02
.300E-05
.300E-05
.500E-05
.500E-05
.110E-04
.110E-04
.530E-04
.530E-04
.230E-04
.230E-04
.360E-04
.360E-04
.600E-04
.600E-04
.040E-03
.040E-03
.530E-01
.000E-02
.400E-01
.310E-03
.310E-03
.630E-04
.450E-03

290E-03

.470E-04
.7T10E-03
.460E-03
.500E-04
.300E-03
.900E-03
.300E-04
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.400E-03
.300E-04
.660E-04
.000E-03
.850E-04
.7TO0E-04
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.104430
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.104430
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.191353
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.191353
.191353
.191353
.191353
.191353
.191353
.191353
.191353
.191353
.191353
.191353
.191353
.102298
.104430
.104430
.191353
.191353
.616972
.616972
.616978
.616972
.616972
.616978
.616972
.616972
.616978
.616972
.616972
.616978
. 752630
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. 752630
. 753323
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.026330
.019157
.019157
.002619
.002619
.002619
.993017
.993017
.970567
.970567
.970567
.957295
.957295
.925733
.925733
.925733
.906658
.906658
.860298
.860298
.860298
.831481
.831481
.759416
.759416
.759415
.712894
.712894
.591976
.591976
.591973
.509631
.509631
.283502
.283502
.283498
.104430
.102298
.116360
.116360

.872437
.872376
. 778468
.778375
.616978
.616978
.616972
.624316
.624156

.002984
.002984
.002984
.971048
.971048
.971048
.926410
.926410
.926410
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3p-11d
3p-12s
3p-12s
3p-10d
3p-10d
3p-10d
3p-11s
3p-11s
3p-9d
3p-9d
3p-9d
3p-10s
3p-10s
3p-8d
3p-8d
3p-8d
3p-9s
3p-9s
3p-7d
3p-7d
3p-7d
3p-8s
3p-8s
3p-6d
3p-6d
3p-6d
3p-7s
3p-Ts
3p-5d
3p-5d
3p-5d
3p-6s
3p-6s
3p-4d
3p-4d
3p-4d
3s-3p
3s-3p
3p-5s
3p-5s
4s-14p
4s-14p
4s-13p
4s-13p
4s-12p
4s-12p
4s-11p
4s-11p
4s-10p
4s-10p
4s-9p
4s-9p
4s-8p
4s-8p
4s-Tp
4s-Tp
3p-3d
3p-3d
3p-3d
4s-6p
4s-6p
3d-11f
3d-11f
3d-11f
3d-10f
3d-10£
3d-10f
3d-9f
3d-9f
3d-9f
3d-8f
3d-8f
3d-8f
4p-13d
4p-13d
4p-13d
4p-14s
4p-14s

2P*-2D
2P*-2S
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-28
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-2S
2P*-2D
2P*-2D
2P*-2D
2S-2Px*
2S-2Px*
2P*-2S
2P*-2S
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2S-2Px*
2P*-2D
2P*-2D
2P*-2D
2S-2Px*
2S-2Px*
2D-2F*
2D-2F*
2D-2F*
2D-2F*
2D-2F*
2D-2F*
2D-2F*
2D-2Fx*
2D-2F*
2D-2Fx*
2D-2F*
2D-2F*
2P*-2D
2P*-2D
2P*-2D
2P*-2S
2P*-2S
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959.56400 - 1.070E-03 C 3.752630 - 2 4 4p-12d 2P*-2D
960.07900 - 2.140E-04 C 3.753323 - 4 4 4p-12d 2P*-2D
960.07900 - 1.280E-03 C 3.753323 - 4 6 4p-12d 2P*-2D
963.67000 - 3.330E-04 C 3.752630 - 2 2 4p-13s 2P*-28S
964.19000 - 6.600E-04 C 3.753323 - 4 2 4p-13s 2P*-2S
973.15100 - 1.410E-03 C 3.752630 5.026330 2 4 4p-11d 2P*-2D
973.68100 - 2.810E-04 C 3.753323 5.026330 4 4 4p-11d 2P*-2D
973.68100 - 1.690E-03 C 3.753323 5.026330 4 6 4p-11d 2P*-2D
978.66200 - 4.020E-04 C 3.752630 5.019157 2 2 4p-12s 2P*-28
979.19800 - 8.000E-04 C 3.753323 5.019157 4 2 4p-12s 2P*-28
991.61100 - 1.920E-03 C 3.752630 5.002619 2 4 4p-10d 2P*-2D
992.16100 - 3.830E-04 C 3.753323 5.002619 4 4 4p-10d 2P*-2D
992.16100 - 2.300E-03 C 3.753323 5.002619 4 6 4p-10d 2P*-2D
996.12600 80 8.470E-04 C’ 3.616972 4.861296 6 6 3d-7f 2D-2Fx*
996.12600 80 1.270E-02 C’ 3.616972 4.861296 6 8 3d-7f 2D-2Fx*
996.13100 - 1.190E-02 C’> 3.616978 4.861296 4 6 3d-7f 2D-2Fx*
999.28700 - 5.600E-04 C 3.752630 4.993017 2 2 4p-11s 2P*-2S

E.3 Spektralni ¢ary neonu

Wavelength| Rel. | Aki  |Accl Ei | Ek |gilgk|Configuration Terms
Ne I | Int. | (1078s-1)| | (eV) | (eV) [

(air, nm) | I (. | [

256.17900 10 - 16.619070 21.457380 5 5 (2P*<3/2>)3s-(2P*<1/2>)9p 2[3/2]1%-2[3/2]
257.45500 8 - 16.619070 21.433390 5 - (2P*<3/2>)3s-(2P*<3/2>)11p 2[3/2]1*-2[3/2]
258.94900 2 - 16.670830 21.457380 3 5 (2P*<3/2>)3s-(2P*<1/2>)9p 2[3/2]%-2[3/2]
259.06800 10 - 16.619070 21.403420 5 - (2P*<3/2>)3s-(2P*<3/2>)10p 2[3/2]%-2[3/2]
259.11500 3 - 16.619070 21.402560 5 7 (2P*<3/2>)3s-(2P*<3/2>)10p 2[3/2]1*-2[5/2]
259.45000 2 - 16.619070 21.396380 5 5 (2P*<3/2>)3s-(2P*<1/2>)8p 2[3/2]1%-2[3/2]
259.52100 30 - 16.619070 21.395070 5 3 (2P*<3/2>)3s-(2P*<1/2>)8p 2[3/2]1*-2[1/2]
261.36300 30 - 16.619070 21.361420 5 - (2P*<3/2>)3s-(2P*<3/2>)9p 2[3/2]1%-2[3/2]
261.39250 8 - 16.619070 21.360850 5 5 (2P*<3/2>)3s-(2P*<3/2>)9p 2[3/2]%-2[5/2]
261.42600 5 - 16.619070 21.360280 5 7 (2P*<3/2>)3s-(2P*<3/2>)9p 2[3/2]%-2[5/2]
261.66200 25 - 16.670830 21.407750 3 1 (2P*<3/2>)3s-(2P*<3/2>)10p 2[3/2]1*-2[1/2]
261.90100 3 - 16.670830 21.403420 3 - (2Px<3/2>)3s-(2P*<3/2>)10p 2[3/2]1*-2[3/2]
261.97800 2 - 16.670830 21.402040 3 3 (2P*<3/2>)3s-(2P*<3/2>)10p 2[3/2]%-2[1/2]
262.11100 4 - 16.670830 21.399640 3 1 (2P*<3/2>)3s-(2P*<1/2>)8p 2[3/2]%-2[1/2]
262.29200 15 - 16.670830 21.396380 3 5 (2P*<3/2>)3s-(2P*<1/2>)8p 2[3/2]1%-2[3/2]
263.99600 15 - 16.670830 21.365870 3 1 (2P*<3/2>)3s-(2P*<3/2>)9p 2[3/2]*-2[1/2]
264.24700 8 - 16.670830 21.361420 3 - (2P*<3/2>)3s-(2P%<3/2>)9p 2[3/2]1%-2[3/2]
264.40800 2 - 16.670830 21.358570 3 3 (2P*<3/2>)3s-(2P%<3/2>)9p 2[3/2]%-2[1/2]
264.54900 30 - 16.619070 21.304300 5 3 (2P*<3/2>)3s-(2P*<1/2>)7p 2[3/2]*-2[1/2]
264 .56450 2 - 16.619070 21.304000 5 5 (2P*<3/2>)3s-(2P*<1/2>)7p 2[3/2]1%-2[3/2]
264.74300 150 - 16.619070 21.300880 5 5 (2P*<3/2>)3s-(2P*<3/2>)8p 2[3/2]1%-2[3/2]
264.77600 8 - 16.619070 21.300280 5 3 (2P*<3/2>)3s-(2P%<3/2>)8p 2[3/2]%-2[3/2]
264.82300 15 - 16.619070 21.299460 5 5 (2P*<3/2>)3s-(2P*<3/2>)8p 2[3/2]%-2[5/2]
264 .85600 25 - 16.619070 21.298880 5 7 (2P*<3/2>)3s-(2P*<3/2>)8p 2[3/2]%-2[5/2]
265.10100 30 - 16.619070 21.294550 5 3 (2P*<3/2>)3s-(2P*<3/2>)8p 2[3/2]1*-2[1/2]
265.75220 12 - 16.619070 21.283090 5 - (2P*<3/2>)3s-(2P*<1/2>)6f 2[3/2]1*-2[5/2]
266.78100 1 - 16.715380 21.361420 1 3 (2P*<1/2>)3s-(2P%<3/2>)9p 2[1/2]1%-2[3/2]
266.91340 3 - 16.670830 21.314560 3 1 (2P*<3/2>)3s-(2P*<1/2>)7p 2[3/2]%-2[1/2]
267.52750 15 - 16.670830 21.304000 3 5 (2P*<3/2>)3s-(2P*<1/2>)7p 2[3/2]1%-2[3/2]
267.56600 100 - 16.670830 21.303250 3 3 (2P*<3/2>)3s-(2P*<1/2>)7p 2[3/2]1%-2[3/2]
267.70200 1 - 16.670830 21.300880 3 5 (2Px<3/2>)3s-(2P*<3/2>)8p 2[3/2]1%-2[3/2]
267.73890 1 - 16.670830 21.300280 3 3 (2P*<3/2>)3s-(2P%<3/2>)8p 2[3/2]%-2[3/2]
267.78400 15 - 16.670830 21.299460 3 5 (2P*<3/2>)3s-(2P*<3/2>)8p 2[3/2]%-2[5/2]
268.06850 1 - 16.670830 21.294550 3 3 (2P*<3/2>)3s-(2P*<3/2>)8p 2[3/2]1*-2[1/2]
268.67420 12 - 16.848050 21.461340 3 1 (2P*<1/2>)3s-(2P*<1/2>)9p 2[1/2]1*-2[1/2]
270.05600 8 - 16.619070 21.208770 5 5 (2Px<3/2>)3s-(2P*<3/2>)7p 2[3/2]1%-2[3/2]
270.06810 2 - 16.619070 21.208480 5 3 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]%-2[3/2]
270.16390 6 - 16.7156380 21.303250 1 3 (2P*<1/2>)3s-(2P*<1/2>)7p 2[1/2]%-2[3/2]
270.25620 6 - 16.619070 21.205370 5 7 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]1%-2[5/2]
270.42770 2 - 16.619070 21.202460 5 3 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]1*-2[1/2]
270.67700 2 - 16.7156380 21.294550 1 3 (2P*<1/2>)3s-(2P%<3/2>)8p 2[1/2]%-2[1/2]
272.47690 74 - 16.670830 21.219750 3 1 (2P*<3/2>)3s-(2P%<3/2>)7p 2[3/2]%-2[1/2]
273.13620 3 - 16.670830 21.208770 3 5 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]1%-2[3/2]
273.15280 3 - 16.670830 21.208480 3 3 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]1%-2[3/2]
273.25960 1 - 16.670830 21.206720 3 5 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]1*-2[5/2]
273.47680 2 - 16.619070 21.151360 5 5 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]%-2[3/2]
273.51650 3 - 16.670830 21.202460 3 3 (2P*<3/2>)3s-(2P*<3/2>)7p 2[3/2]%-2[1/2]
273.56780 8 - 16.619070 21.149850 5 3 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]1%-2[3/2]
273.61760 116 - 16.619070 21.149030 5 3 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]1*-2[1/2]
274.35300 15 - 16.848050 21.365870 3 1 (2P*<1/2>)3s-(2P*<3/2>)9p 2[1/2]1*-2[1/2]
275.58364 15 - 16.619070 21.116710 5 5 (2P*<3/2>)3s-(2P*<1/2>)6f 2[3/2]%-2[5/2]
275.58380 15 - 16.619070 21.116710 5 7 (2P*<3/2>)3s-(2P*<1/2>)6f 2[3/2]%-2[5/2]
275.86200 3 - 16.715380 21.208480 1 3 (2P*<1/2>)3s-(2P*<3/2>)7p 2[1/2]1%-2[3/2]
275.93220 2 - 16.670830 21.162790 3 1 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]1*-2[1/2]
276.23250 3 - 16.715380 21.202460 1 3 (2Px<1/2>)3s-(2P*<3/2>)7p 2[1/2]1%-2[1/2]
276.63610 6 - 16.670830 21.151360 3 5 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]%-2[3/2]
276.72910 3 - 16.670830 21.149850 3 3 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]%-2[3/2]
276.78010 2 - 16.670830 21.149030 3 3 (2P*<3/2>)3s-(2P*<1/2>)6p 2[3/2]1*-2[1/2]
277.50515 5 - 16.848050 21.314560 3 1 (2P*<1/2>)3s-(2P*<1/2>)7p 2[1/2]1*-2[1/2]
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278.
278.
278.
279.
279.
279.
279.
279.
279.
279.
281
282.
282.
282.
283.
283.
284.
284.
284.
285.
286.
287.
288.
288.
288.
291.
291
291
292.
293.
294.
294.
294.
294.
294.
295.
295.
295.
297
297.
297.
298.
298.
298.
299.
299.
301
301
301
302.
302.
302.
302.
303.
304.
305
306.
306.
306.
306.
307.
307.
307.
310.
312.
314.
314.
315.
316.
320.
320.
320.
335.
336.
336.
337.
341
341
342.
344.
345.
345.
346.
346.
346.
347.
349.
350.

14400
16300
21000
23180
26590
45970
50960
56130
59565
98000

.46921

52620
56110
75950
29220
52370
26320
37120
64930
46060
20680
26628
02960
13050
18570
14660

.31735
.34370

93257
27252
45840
67380
73010
90480
93190
25240
72915
72925

.47189

55238
98103
06453
09252
26696
24320
42685

.21354
.29610
.73561

69226
69238
84283
84294
03231
59511

. 73907

36965
56727
72172
72184
69761
88791
91801
14139
61986
77110
86107
34107
75762
62207
79101
79113
17492
98080
99078
56490

.79036
.80062

39126
77028
07650
41949
05243
43388
65787
25711
80641
12164

e
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110

300

1500
53
3200
350
150
6600
970
4100
1700
2400
2900
7500
1800
2700

3.700E-02 C

.700E-02 C

-

1.200E-02 D

.848050
. 848050
. 848050
.619070
.619070
.619070
.715380
.715380
.619070
.619070
.670830
.670830
.670830
.670830
.670830
.848050
.848050
.848050
.848050
.715380
.715380
. 848050
.848050
.848050
.848050
.619070
.619070
.619070
.670830
.848050
. 848050
. 848050
.670830
.670830
.670830
. 848050
.619070
.619070
.619070
.619070
.619070
.715380
.715380
.619070
.670830
.670830
.670830
.670830
.670830
.619070
.619070
.619070
.619070
.670830
.715380
. 848050
.715380
.670830
.670830
.670830
.848050
.848050
.848050
.715380
. 848050
.848050
.848050
.848050
. 848050
. 848050
.848050
.848050
.670830
.619070
.619070
.619070
.670830
.670830
.670830
.619070
.619070
.670830
.715380
.619070
.715380
.619070
.670830
16.

670830

.304300
.304000
.303250
.057950
.057410
.054330
.149850
.149030
.052170
.046090
.074430
.057950
.057410
.054330
.046090
.219750
.208480
.206720
.202460
.057410
.046090
.162790
.151360
.149850
.149030
.876310
.873810
.873430
.902110
.074430
.057410
.054330
.876310
.873810
.873430
.046090
.810340
.810340
.785790
. 784660
.778670
.873810
.873430
. 774680
.812880
.810340
.785790
. 784660
.7T78670
.713930
.713930
.711890
.711890
.761090
. 784660
.902110
.761090
.713930
.711890
.711890
.876310
.873810
.873430
.711890
.812880
. 785790
. 784660
.778670
.761090
.713930
.711890
.711890
.368860
.297280
.297170
.290920
.297280
.297170
.290920
.214180
.210990
.259180
.297170
.196920
.290920
.188440
.214180
.210990
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(2P*<1/2>)3s- (2P*<1/2>)7p
(2P*<1/2>)3s- (2P*<1/2>)7p
(2P*<1/2>)3s- (2P*<1/2>)7p
(2P%<3/2>)3s- (2P*<3/2>) 6p
(2P%<3/2>)3s- (2P*<3/2>) 6p
(2P*<3/2>) 3s- (2P*<3/2>)6p
(2P*<1/2>) 3s- (2P*<1/2>)6p
(2P*<1/2>)3s-(2P*<1/2>)6p
(2P%<3/2>)3s- (2P*<3/2>) 6p
(2P*<3/2>)3s- (2P*<3/2>)6p
(2P*<3/2>) 3s- (2P*<3/2>) 6p
(2P*<3/2>) 3s- (2P*<3/2>) 6p
(2P*<3/2>)3s- (2P*<3/2>) 6p
(2P%<3/2>)3s- (2P*<3/2>) 6p
(2P%<3/2>)3s- (2P*<3/2>) 6p
(2P*<1/2>)3s- (2P*<3/2>)7p
(2P*<1/2>) 3s- (2P*<3/2>) 7p
(2P*<1/2>)3s-(2P*<3/2>) Tp
(2P%<1/2>)3s- (2P*<3/2>) Tp
(2P*<1/2>)3s- (2P*<3/2>) 6p
(2P*<1/2>) 3s- (2P*<3/2>) 6p
(2P*<1/2>) 3s- (2P*<1/2>)6p
(2P*<1/2>)3s- (2P*<1/2>)6p
(2P%<1/2>)3s-(2P*<1/2>)6p
(2P*<1/2>)3s- (2P*<1/2>) 6p
(2P*<3/2>) 3s- (2P*<1/2>) 5p
(2P*<3/2>)3s- (2P*<1/2>)5p
(2P*<3/2>)3s- (2P*<1/2>)5p
(2P%<3/2>)3s- (2P*<1/2>)5p
(2P*<1/2>) 3s- (2P*<3/2>) 6p
(2P*<1/2>) 3s- (2P*<3/2>) 6p
(2P*<1/2>)3s- (2P*<3/2>) 6p
(2P%<3/2>)3s- (2P*<1/2>)5p
(2P*<3/2>)3s-(2P*<1/2>)5p
(2P*<3/2>) 3s- (2P*<1/2>)5p
(2P*<1/2>) 3s- (2P*<3/2>) 6p
(2P*<3/2>)3s- (2P*<1/2>)4f
(2P%<3/2>)3s- (2P*<1/2>)4f
(2P*<3/2>)3s- (2P*<3/2>) 5p
(2P*<3/2>)3s- (2P*<3/2>)5p
(2P*<3/2>) 3s- (2P*<3/2>) 5p
(2P*<1/2>)3s-(2P*<1/2>)5p
(2P%<1/2>)3s-(2P*<1/2>)5p
(2P*<3/2>) 3s- (2P*<3/2>)5p
(2P*<3/2>) 3s- (2P*<3/2>) 5p
(2P*<3/2>)3s-(2P*<1/2>) 4f
(2P*<3/2>)3s- (2P*<3/2>)5p
(2P%<3/2>)3s- (2P*<3/2>) 5p
(2P*<3/2>) 3s- (2P*<3/2>)5p
(2P*<3/2>)3s- (2P*<3/2>) 4f
(2P*<3/2>)3s- (2P*<3/2>)4f
(2P%<3/2>)3s- (2P*<3/2>)4f
(2P%<3/2>)3s- (2P*<3/2>)4f
(2P*<3/2>) 3s- (2P*<3/2>) 5p
(2P*<1/2>) 3s- (2P*<3/2>) 5p
(2P*<1/2>)3s-(2P*<1/2>)5p
(2P*<1/2>)3s- (2P*<3/2>) 5p
(2P*<3/2>) 3s- (2P*<3/2>) 4f
(2P*<3/2>)3s- (2P*<3/2>)4f
(2P*<3/2>)3s- (2P*<3/2>) 4f
(2P*<1/2>)3s-(2P*<1/2>)5p
(2P%<1/2>)3s- (2P*<1/2>)5p
(2P*<1/2>)3s-(2P*<1/2>)5p
(2P*<1/2>)3s- (2P*<3/2>)4f
(2P*<1/2>) 3s- (2P*<3/2>) 5p
(2P*<1/2>)3s- (2P*<3/2>)5p
(2P%<1/2>)3s- (2P*<3/2>) 5p
(2P*<1/2>)3s-(2P*<3/2>) 5p
(2P*<1/2>) 3s- (2P*<3/2>) 5p
(2P*<1/2>)3s- (2P*<3/2>)4f
(2P*<1/2>)3s- (2P*<3/2>)4f
(2P%<1/2>)3s- (2P*<3/2>)4f
(2P*<3/2>)3s-(2P*<1/2>)4p
(2P*<3/2>) 3s- (2P*<1/2>) 4p
(2P*<3/2>)3s- (2P*<1/2>)4p
(2P%<3/2>)3s- (2P*<1/2>)4p
(2P*<3/2>)3s- (2P*<1/2>) 4p
(2P*<3/2>)3s- (2P*<1/2>)4p
(2P*<3/2>) 3s- (2P*<1/2>)4p
(2P*<3/2>)3s- (2P*<3/2>)4p
(2P*<3/2>)3s- (2P*<3/2>)4p
(2P%<3/2>)3s- (2P*<3/2>)4p
(2P*<1/2>)3s- (2P*<1/2>)4p
(2P*<3/2>) 3s- (2P*<3/2>) 4p
(2P*<1/2>)3s-(2P*<1/2>)4p
(2P%<3/2>)3s- (2P*<3/2>)4p
(2P*<3/2>)3s- (2P*<3/2>)4p
(2P*<3/2>) 3s- (2P*<3/2>)4p

2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/21%-2[3/2]
2[3/2]%-2[3/2]
2[3/21%-2[3/2]
2[3/2]*-2[5/2]
2[1/2]1%-2[3/2]
2[1/2]1*-2[1/2]
2[3/2]%-2[5/2]
2[3/2]1%-2[1/2]
2[3/2]*-2[1/2]
2[3/2]%-2[3/2]
2[3/2]1%-2[3/2]
2[3/2]%-2[5/2]
2[3/2]1%-2[1/2]
2[1/2]1%-2[1/2]
2[1/21%-2[3/2]
2[1/2]1*-2[5/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/2]1%-2[1/2]
2[1/2]1*-2[1/2]
2[1/2]1%-2[3/2]
2[1/21%-2[3/2]
2[1/2]1%-2[1/2]
2[3/2]1%-2[3/2]
2[3/2]1*-2[1/2]
2[3/2]%-2[3/2]
2[3/21%-2[1/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/21%-2[5/2]
2[3/2]%-2[3/2]
2[3/2]1%-2[1/2]
2[3/2]%-2[3/2]
2[1/2]1*-2[1/2]
2[3/2]*-2[5/2]
2[3/2]1%-2[5/2]
2[3/2]1%-2[3/2]
2[3/2]%-2[3/2]
2[3/21%-2[5/2]
2[1/2]1*-2[1/2]
2[1/2]%-2[3/2]
2[3/2]*-2[5/2]
2[3/2]1*-2[1/2]
2[3/21%-2[5/21
2[3/2]%-2[3/2]
2[3/21%-2[3/2]
2[3/2]*-2[5/2]
2[3/2]1%-2[5/2]
2[3/21%-2[5/2]1
2[3/2]1%-2[3/2]
2[3/21%-2[3/2]
2[3/2]*-2[1/2]
2[1/2]1%-2[3/2]
2[1/2]1*-2[1/2]
2[1/2]1%-2[1/2]
2[3/2]1%-2[5/2]
2[3/2]%-2[3/2]
2[3/2]1%-2[3/2]
2[1/2]1%-2[3/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/2]1%-2[3/2]
2[1/2]1*-2[1/2]
2[1/2]1%-2[3/2]
2[1/21%-2[3/2]
2[1/21%-2[5/2]
2[1/2]1%-2[1/2]
2[1/21%-2[5/21
2[1/2]1%-2[3/2]
2[1/21%-2[3/2]
2[3/2]*-2[1/2]
2[3/2]1%-2[3/2]
2[3/2]1*-2[1/2]
2[3/2]1%-2[3/2]
2[3/21%-2[3/2]
2[3/2]*-2[1/2]
2[3/2]%-2[3/2]
2[3/21%-2[3/2]
2[3/2]%-2[3/2]
2[3/2]1%-2[1/2]
2[1/2]1%-2[1/2]
2[3/2]1*-2[5/2]
2[1/2]1%-2[3/2]
2[3/2]%-2[5/2]
2[3/2]*-2[3/2]
2[3/2]%-2[3/2]
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351.07212 540 2.200E-03
351.51907 2600 6.900E-03
352.04717 17000 9.300E-02
356.29541 14 -
359.35262 4100 9.900E-03
359.36396 2100 6.600E-03
360.01692 1200 4.300E-03
360.91791 140 -
363.36646 1600 1.100E-02
368.22426 640 1.600E-03
368.57357 1100 3.900E-03
370.12250 1100 2.200E-03
375.42156 230 -
376.58396 5 -
376.80675 5 -
376.94611 7 -
376.96772 5 -
388.27115 2 -
388.71435 1 -
388.94333 5 -
389.97424 2 -
394.35430 2 -
394.35510 2 -
398.40510 2 -
398.42530 7 -
398.42580 7 -
399.57210 1 -
399.86070 1 -
399.92740 1 -
401.37530 1 -
401.39940 2 -
402.00540 2 -
403.72610 5 -
403.76150 15 -
403.76970 5 -
404.23350 10 -
404.26253 50 -
404.26460 50 -
404.56800 2 -
406.40250 50 -
406.48280 15 -
406.88370 30 -
406.92430 30 -
406.93880 5 -
407.93520 2 -
408.01440 50 -
411.18590 1 -
411.21020 15 -
411.26930 20 -
411.28650 10 -
412.69610 2 -
412.80752 30 -
413.05110 20 -
413.10510 70 -
416.48069 50 -
416.60930 30 -
417.39590 2 -
417.43650 70 -
417.52190 60 -
417.54860 40 -
419.64195 15 -
419.80971 70 -
420.32670 2 -
420.32700 2 -
420.32790 2 -
423.23100 1 -
423.23220 1 -
424.95490 2 -
424.95500 2 -
424.95560 2 -
425.24170 2 -
425.27760 2 -
425.27790 2 -
425.64890 2 -
425.64980 2 -
425.97390 1 -
426.24780 2 -
426.72868 1 -
426.77179 5 -
426.80043 70 -
426.97240 70 -
427.02230 50 -
427.46600 50 -
427.51581 1 -
427.55583 70 -
427.88400 5 -
427.92790 15 -
427.92860 15 -
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.619070
.670830
. 848050
.670830
.848050
.848050
.848050
.715380
.848050
.848050
.848050
.848050
. 848050
.848050
.848050
.848050
.848050
.848050
.848050
.848050
.848050
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.575840
.575840
.575840
.5556110
.5556110
.575840
.575840
.575840
.5556110
.5556110
.555110
.612710
.612710
.5556110
.575840
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.381620
.5556110
.555110
.555110

.149650
.196920
.368860
.149650
.297280
.297170
.290920
.149650
.259180
.214180
.210990
.196920
.149650
.139460
.137510
.136300
.136110
.040390
.036750
.034870
.026450
.524720
.524710
.492760
.492600
.492600
.483670
.481430
.480920
.469740
.469550
.464900
.451760
.451490
.451430
.447900
.447680
.447670
.445370
.431540
.430940
.427930
.427630
.427520
.420080
.419490
.396060
.395880
.395450
.395320
.385030
.384220
.382450
.382060
.357740
.356820
.351210
.350920
.350320
.350130
.335320
.334140
.524720
.524720
.524710
.483760
.483750
.492600
.492600
.492600
.469910
.469660
.469660
.524720
.524710
.464900
.483760
.286270
.285970
.285780
.284610
.284270
.281260
.280920
.280650
.451910
.451610
.451610
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(2P*<3/2>)3s- (2P*<3/2>)4p
(2P*<3/2>) 3s- (2P*<3/2>) 4p
(2P*<1/2>)3s- (2P*<1/2>)4p
(2P%<3/2>)3s- (2P*<3/2>)4p
(2P%<1/2>)3s-(2P*<1/2>)4p
(2P*<1/2>)3s- (2P*<1/2>)4p
(2P*<1/2>)3s- (2P*<1/2>)4p
(2P*<1/2>)3s- (2P*<3/2>)4p
(2P*<1/2>)3s- (2P*<3/2>)4p
(2P*<1/2>)3s-(2P*<3/2>)4p
(2P*<1/2>)3s- (2P*<3/2>) 4p
(2P*<1/2>) 3s- (2P*<3/2>) 4p
(2P*<1/2>)3s- (2P*<3/2>)4p
(2P%<1/2>)3s-(2P*<1/2>)3d
(2P*<1/2>)3s-(2P*<1/2>)3d
(2P*<1/2>)3s- (2P*<1/2>)3d
(2P*<1/2>)3s-(2P*<1/2>)3d
(2P*<1/2>)3s- (2P*<3/2>)3d
(2P*<1/2>)3s- (2P*<3/2>)3d
(2P*<1/2>)3s-(2P*<3/2>)3d
(2P*<1/2>)3s- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)13d
(2P*<3/2>)3p- (2P*<1/2>)10s
(2P*<3/2>) 3p- (2P*<1/2>)10s
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<3/2>)3p- (2P*<3/2>)13s
(2P*<3/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)12s
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>) 10d
(2P*<3/2>) 3p- (2P*<3/2>) 11s
(2P*<3/2>) 3p- (2P*<3/2>) 11s
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>) 9d
(2P*<3/2>)3p- (2P*<3/2>)10s
(2P*<3/2>) 3p- (2P*<3/2>)10s
(2P*<3/2>) 3p- (2P*<1/2>)7d
(2P*<3/2>) 3p- (2P*<1/2>)7d
(2P*<3/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)9s
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)13d
(2P*<3/2>) 3p- (2P*<3/2>)13d
(2P*<3/2>)3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)13s
(2P*<3/2>) 3p- (2P*<3/2>)13d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<1/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>) 6d
(2P*<3/2>) 3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<3/2>)11d

2[3/2]*-2[1/2]
2[3/2]1*-2[5/2]
2[1/2]1%-2[1/2]
2[3/2]1%-2[1/2]
2[1/21%-2[3/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/2]1*-2[1/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/21%-2[3/2]
2[1/2]1%-2[5/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[3/2]
2[1/2]1%-2[3/2]
2[1/2]1%-2[5/2]
2[1/21%-2[5/2]1
2[1/2]1%-2[3/2]
2[1/2]%-2[3/2]
2[1/21%-2[7/2]
2[1/2]1%-2[1/2]
2[1/2]1-2[3/2]*
2[1/21-2[5/21*
2[1/2]1-2[3/2]1*
2[1/2]-2[3/2]*
2[1/2]-2[5/2]*
2[1/21-2[1/2]*
2[1/21-2[1/2]*
2[1/2]1-2[1/2]*
2[1/2]-2[3/2]*
2[1/2]-2[1/2]*
2[1/21-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[1/2]*
2[1/2]-2[1/2]*
2[1/2]-2[3/2]*
2[1/21-2[5/21*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]-2[1/2]*
2[1/21-2[3/2]*
2[1/21-2[1/2]*
2[1/2]-2[1/2]*
2[1/2]-2[3/2]*
2[1/21-2[3/2]*
2[1/21-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]-2[1/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]-2[3/2]*
2[1/2]-2[1/2]*
2[1/21-2[1/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]-2[1/2]*
2[1/2]-2[1/2]*
2[1/21-2[3/2]1*
2[1/21-2[3/2]*
2[5/2]-2[5/2]*
2[5/2]1-2[3/2]*
2[5/21-2[5/21*
2[5/21-2[7/21*
2[5/2]-2[7/2]*
2[5/2]1-2[5/2]1*
2[5/2]-2[3/2]*
2[5/21-2[5/21*
2[5/21-2[5/21*
2[5/21-2[7/2]1*
2[5/2]1-2[7/2]1*
2[3/2]-2[3/2]*
2[3/2]1-2[5/21*
2[5/21-2[3/2]*
2[5/21-2[7/2]1*
2[1/2]-2[5/2]*
2[1/2]-2[3/2]*
2[1/21-2[3/2]*
2[1/21-2[1/2]*
2[1/2]1-2[1/2]*
2[1/2]-2[3/2]*
2[1/2]-2[5/2]*
2[1/21-2[3/2]*
2[5/21-2[5/2]1*
2[6/2]-2[7/2]*
2[5/2]1-2[7/2]1*
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428.32410 10
428.85240 5
428.97990 2
429.19870 2
429.19910 2
429.20000 2
430.32537 30
430.37200 1
430.39550 5
430.39610 5
430.62514 70
431.01310 2
431.41170 1
431.41240 1
431.46790 30
431.46940 30
431.60048 15
431.60195 15
431.87870 5
431.95020 1
432.14890 2
432.72690 10
433.41241 70
433.62200 50
433.82000 2
434.02540 2
434.02560 2
434.02620 2
434.04200 2
434.54670 2
434.54750 2
434.57620 1
434.60380 15
435.72950 2
435.79070 1
435.88110 2
436.26920 30
436.27110 30
436.32330 2
436.35240 70
436.57040 1
437.18110 2
437.21510 30
437.21750 30
437.49910 2
437.50240 2
437.77420 2
437.77520 2
438.12201 30
439.43640 15
439.43680 15
439.43770 15
439.47550 15
439.47740 15
439.50250 1
439.53030 1
439.55560 50
439.59780 1
439.71920 1
439.81330 5
440.23800 2
440.25540 1
440.29960 1
440.55830 2
440.96009 20
440.96163 20
440.96400 20
441.22830 20
441.35568 15
441.51400 5
441.68137 50
442.05892 1
442.15486 50
442.25206 300
442.48096 300
442.54000 150
442.77180 30
442.79670 15
442.79730 15
442.94030 1
442.94130 1
443.25142 20
443.25445 20
443.33970 10
443.37210 70
443.50900 5
444.03590 15
444.03670 15

.575840
.555110
.575840
.636790
.636790
.636790
.381620
.612710
.612710
.612710
.381620
.575840
.5556110
.5556110
.555110
.555110
.575840
.575840
.575840
.575840
.612710
.555110
.381620
.381620
.612710
.636790
.636790
.636790
.575840
.575840
.575840
.612710
.575840
.636790
.575840
.575840
.5556110
.5556110
.555110
.555110
.612710
.612710
.612710
.612710
.612710
.636790
.693360
.693360
.555110
.704070
.704070
.704070
.575840
.575840
.575840
.575840
.575840
.575840
.612710
.612710
.612710
.612710
.636790
.711380
.636790
.636790
.636790
.575840
.575840
.612710
.575840
.381620
.381620
.381620
.381620
.381620
.693360
.693360
.693360
.726380
.726380
.555110
.555110
.555110
.5556110
.636790
.636790
.636790

.469660
.445370
.465240
.524720
.524720
.524710
.261990
.492760
.492600
.492600
.259980
.451610
.428220
.428220
.427850
.427840
.447690
.447680
.445840
.445370
.480920
.419490
.241470
.240090
.469870
.492600
.492600
.492600
.431540
.428220
.428220
.464900
.427850
.481430
.420080
.419490
.396230
.396220
.395880
.395690
.451870
.447900
.447680
.447670
.445840
.469910
.524720
.524710
.384220
.524720
.524720
.524710
.396230
.396220
.396060
.395880
.395720
.395450
.431540
.430940
.428220
.428110
.451910
.524840
.447690
.447680
.447670
.385030
.384220
.420080
.382150
.185540
.184930
.184310
.182870
.182490
.492760
.492600
.492600
.524720
.524710
.351480
.351460
.350920
.350720
.431540
.428220
.428220
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(2P%<3/2>)3p- (2P*<3/2>)12d
(2P*<3/2>) 3p- (2P*<3/2>)12s
(2P*<3/2>)3p- (2P*<3/2>)13s
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P%<3/2>)3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>)3p- (2P*<1/2>)9d
(2P*<3/2>)3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)12s
(2P*<3/2>)3p-(2P*<3/2>)12s
(2P*<3/2>) 3p- (2P*<1/2>) 10s
(2P*<3/2>) 3p- (2P*<3/2>) 11s
(2P*<3/2>) 3p- (2P*<1/2>)7s
(2P*<3/2>) 3p- (2P*<1/2>)7s
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<3/2>) 3p- (2P*<1/2>)9d
(2P*<3/2>)3p- (2P*<1/2>)9d
(2P*<3/2>)3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>)3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>)3p- (2P*<3/2>)13s
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)10s
(2P*<3/2>)3p- (2P*<3/2>)11s
(2P*<3/2>) 3p- (2P*<3/2>) 11s
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>)3p-(2P*<1/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)12s
(2P*<3/2>) 3p- (2P*<3/2>)12d
(2P*<1/2>)3p- (2P*<1/2>)10d
(2P*<1/2>)3p- (2P*<1/2>)10d
(2P*<3/2>)3p- (2P*<3/2>) 10s
(2P*<1/2>) 3p- (2P*<1/2>)10d
(2P*<1/2>)3p- (2P*<1/2>)10d
(2P*<1/2>)3p- (2P*<1/2>)10d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>) 9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>)3p- (2P*<3/2>)11d
(2P*<3/2>) 3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<1/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>) 10s
(2P*<3/2>) 3p- (2P*<3/2>) 10s
(2P*<3/2>)3p- (2P*<3/2>)11s
(2P*<3/2>)3p- (2P*<1/2>)7d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<1/2>) 9d
(2P*<1/2>) 3p- (2P*<1/2>)9d
(2P*<1/2>) 3p- (2P*<1/2>)9d
(2P*<1/2>)3p- (2P*<1/2>)10d
(2P*<1/2>)3p- (2P*<1/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>) 3p- (2P*<3/2>)10d

2[5/2]1-2[7/2]1*
2[5/2]1-2[3/2]*
2[6/2]1-2[3/2]*
2[3/21-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]-2[6/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[3/2]1*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[1/2]-2[3/2]*
2[5/2]1-2[7/2]1*
2[5/2]1-2[5/21*
2[5/21-2[5/21*
2[6/2]-2[7/2]*
2[5/2]1-2[7/2]1*
2[5/2]1-2[5/2]1*
2[5/21-2[5/21*
2[5/21-2[3/2]*
2[6/2]-2[3/2]*
2[3/21-2[1/2]*
2[6/2]1-2[3/2]*
2[1/2]1-2[1/2]1*
2[1/2]1-2[1/2]*
2[3/2]-2[6/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/2]*
2[3/21-2[5/21*
2[5/2]1-2[1/2]*
2[6/2]-2[5/2]*
2[5/2]1-2[5/2]1*
2[3/2]1-2[3/2]*
2[5/21-2[7/2]1*
2[3/2]1-2[1/2]*
2[5/21-2[3/2]1*
2[5/2]1-2[3/2]*
2[5/2]1-2[5/21*
2[5/2]1-2[5/21*
2[5/2]1-2[3/2]*
2[5/2]1-2[7/2]1*
2[3/2]1-2[5/2]*
2[3/2]1-2[3/21*
2[3/2]1-2[5/21*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/21*
2[3/2]1-2[5/21*
2[6/2]-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/2]1*
2[3/2]1-2[5/21*
2[5/2]1-2[5/21*
2[6/2]-2[5/2]*
2[5/2]1-2[3/2]1*
2[6/2]1-2[3/2]*
2[5/21-2[7/21*
2[5/2]1-2[1/2]*
2[3/2]1-2[1/21*
2[3/2]1-2[1/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]1*
2[3/2]-2[6/2]*
2[1/2]-2[3/2]*
2[3/2]1-2[5/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[6/2]-2[3/2]*
2[5/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[5/21-2[5/21*
2[1/2]1-2[5/21*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/21*
2[3/2]1-2[5/2]1*
2[1/2]1-2[3/2]*
2[1/2]1-2[5/21*
2[5/2]1-2[5/2]*
2[6/2]-2[5/2]*
2[5/2]1-2[3/2]1*
2[5/2]1-2[7/2]1*
2[3/2]1-2[1/2]*
2[3/2]-2[5/2]*
2[3/2]-2[5/2]*
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444.08210 2
444.09550 1
444 .49750 30
444.49770 30
444.49830 30
444 .57030 1
444.65270 1
445.29860 15
445.32440 5
445.33490 2
445.35300 1
445.42940 5
445.55702 15
445.64000 1
446.01750 100
446.28490 2
446.56461 50
446.60460 5
446.65110 2
446.68070 70
446.74890 1
447.09640 5
447.22300 1
447.22712 1
447.51310 5
447 .56540 100
448.08270 15
448.08330 15
448.31958 150
448.80933 300
449.17700 80
449.18360 50
449.18560 50
449.21180 5
449.24090 30
449.26729 15
449.31140 5
449.36922 50
449.89900 2
449.98220 5
449.98340 5
450.01819 50
450.02070 50
451.01490 15
451.14796 20
451.14960 20
451.48826 70
451.50340 2
451.54153 30
451.69270 50
451.77360 100
451.77521 100
452.57639 7
452.61750 50
452.66520 15
452.67160 15
452.77120 15
452.79710 1
452.94490 30
453.23990 1
453.63008 150
453.76773 300
453.77515 1000
453.83019 300
453.91647 50
454.03780 50
454.44940 50
454 .57390 1
454.71973 10
454.72573 10
454.77101 15
455.06530 1
455.25981 30
455.44220 10
455.45727 5
455.48170 40
455.53872 30
455.66990 2
456.58880 60
456.68240 40
456.71337 15
456.78470 10
457.30602 5
457.35552 50
457.50607 300
457.58590 20
458.20402 150
458.21011 15

.636790
.636790
.704070
.704070
.704070
.693360
.693360
.612710
.612710
.636790
.612710
.636790
.575840
.711380
.555110
.704070
.575840
.575840
.575840
.575840
.575840
.612710
.693360
.612710
.612710
.612710
.726380
.726380
.381620
.381620
.575840
.636790
.636790
.636790
.636790
.636790
.636790
.575840
.726380
.693360
.726380
.693360
.693360
.636790
.636790
.704070
.636790
.636790
.612710
.612710
.704070
.704070
.612710
.612710
.612710
.693360
.693360
.612710
.711380
.693360
.381620
.381620
.381620
.555110
.555110
.5556110
.704070
.693360
.555110
.555110
.5556110
.704070
.612710
.726380
.612710
.726380
.636790
.711380
.636790
.636790
.636790
.636790
.575840
.575840
.575840
.575840
.575840
.575840

.427930
.427850
.492600
.492600
.492600
.481430
.480920
.396220
.396060
.420080
.395880
.419490
.357740
.492760
.334140
.481430
.351460
.351210
.350920
.350740
.350320
.385030
.464900
.384220
.382450
.382120
.492600
.492600
.146380
.143360
.335320
.396230
.396220
.396060
.395880
.395720
.395450
.334140
.481430
.447900
.480920
.447680
.447670
.385030
.384220
.451490
.382150
.382060
.357740
.356820
.447690
.447680
.351460
.351210
.350920
.431540
.430940
.350130
.447900
.428110
.114020
.113190
.113140
.286300
.285780
.285050
.431540
.420080
.280950
.280920
.280650
.427850
.335320
.447900
.334140
.447670
.357740
.431540
.351480
.350920
.350740
.350320
.286270
.285970
.285080
.284610
.280950
.280920
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(2P*<3/2>) 3p- (2P*<3/2>) 10d
(2P*<3/2>) 3p- (2P*<3/2>) 10d
(2P*<1/2>)3p- (2P*<1/2>)9d
(2P*<1/2>)3p- (2P*<1/2>)9d
(2P*<1/2>)3p- (2P*<1/2>)9d
(2P*<1/2>)3p- (2P*<1/2>)10s
(2P*<1/2>) 3p- (2P*<1/2>) 10s
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P%<3/2>)3p- (2P*<3/2>)11s
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>) 11s
(2P*<3/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>)3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>) 9s
(2P*<1/2>)3p- (2P*<1/2>) 10s
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>) 10s
(2P*<1/2>)3p- (2P*<3/2>)13s
(2P*<3/2>) 3p- (2P*<3/2>)10s
(2P*<3/2>)3p- (2P*<1/2>)7d
(2P*<3/2>) 3p- (2P*<1/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)9d
(2P*<1/2>)3p- (2P*<1/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)7s
(2P%<3/2>)3p- (2P*<3/2>) Ts
(2P*<3/2>) 3p- (2P*<3/2>) 9s
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>) 9d
(2P*<3/2>)3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)9s
(2P*<1/2>)3p- (2P*<1/2>)10s
(2P*<1/2>)3p- (2P*<1/2>)8d
(2P*<1/2>) 3p- (2P*<1/2>) 10s
(2P*<1/2>)3p- (2P*<1/2>)8d
(2P*<1/2>)3p- (2P*<1/2>)8d
(2P%<3/2>)3p- (2P*<3/2>) 10s
(2P*<3/2>) 3p- (2P*<3/2>) 10s
(2P*<1/2>) 3p- (2P*<3/2>)11d
(2P*<3/2>)3p- (2P*<1/2>)7d
(2P*<3/2>)3p- (2P*<1/2>)7d
(2P%<3/2>)3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<1/2>)8s
(2P*<1/2>)3p- (2P*<1/2>)8d
(2P*<1/2>)3p- (2P*<1/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<1/2>) 3p- (2P*<1/2>)9s
(2P*<1/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<1/2>)8d
(2P*<1/2>) 3p- (2P*<3/2>)10d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P#<3/2>)3p- (2P*<1/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<1/2>) 3p- (2P*<1/2>)9s
(2P*<1/2>)3p-(2P*<3/2>)11s
(2P*<3/2>) 3p- (2P*<1/2>) 6d
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>)10d
(2P%<3/2>)3p- (2P*<3/2>)9s
(2P*<1/2>) 3p- (2P*<1/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)9s
(2P*<1/2>)3p- (2P*<1/2>)8d
(2P*<3/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<1/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P#<3/2>)3p- (2P*<1/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>)6d

2[3/2]-2[3/2]*
2[3/2]1-2[7/2]1*
2[3/2]1-2[5/2]1*
2[3/21-2[3/21*
2[3/2]1-2[5/2]*
2[3/2]1-2[1/2]1*
2[3/2]1-2[1/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[5/2]1-2[1/2]*
2[1/2]1-2[3/2]*
2[5/2]1-2[3/2]*
2[3/2]-2[1/2]*
2[5/2]1-2[5/2]1*
2[5/21-2[3/21*
2[5/21-2[3/2]*
2[6/2]1-2[7/2]1*
2[5/2]1-2[1/2]1*
2[3/2]1-2[3/2]1*
2[3/2]1-2[3/21*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[5/2]1*
2[1/2]1-2[3/2]*
2[1/2]1-2[5/21*
2[1/2]1-2[3/2]*
2[1/2]-2[3/2]*
2[5/2]1-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[7/2]1*
2[3/2]1-2[1/2]*
2[5/2]1-2[3/21*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[1/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]1-2[1/2]1*
2[3/2]1-2[1/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[5/2]*
2[3/2]1-2[5/2]1*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[1/2]1*
2[3/2]1-2[1/2]*
2[3/2]1-2[1/2]*
2[1/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]1-2[5/21*
2[1/2]-2[3/2]*
2[6/2]-2[5/2]*
2[6/2]1-2[3/2]*
2[5/2]1-2[7/2]1*
2[3/2]1-2[1/2]*
2[3/2]-2[3/2]*
2[5/2]1-2[5/2]1*
2[6/2]1-2[5/2]1*
2[5/21-2[3/21*
2[3/2]1-2[7/2]*
2[3/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[3/2]1*
2[1/2]1-2[3/21*
2[3/2]1-2[1/2]*
2[1/21-2[1/21*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/2]*
2[3/2]1-2[7/21*
2[3/2]1-2[1/2]*
2[6/2]-2[5/2]*
2[5/2]1-2[3/2]1*
2[5/2]1-2[7/2]1*
2[5/2]1-2[1/2]*
2[6/2]-2[5/2]*
2[6/21-2[5/2]1*



Fyzikdlni praktikum
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458.24507 150
458.25609 15
458.29950 5
458.58670 10
458.61410 2
459.32340 50
459.52440 50
460.40930 15
460.41140 15
460.46950 1
460.49360 5
460.93560 30
460.99114 150
461.43910 100
461.69190 5
461.78380 70
462.77910 2
462.83092 150
462.84680 30
463.61253 70
463.66340 70
463.69721 50
463.95920 30
464.04480 70
464.31790 5
464.39320 2
464.48300 40
464.54175 300
464.58900 1
464.99051 70
465.21051 30
465.37100 50
465.63929 300
466.11051 150
466.30905 40
466.35270 20
466.66640 50
466.73520 100
467.08841 70
467.82183 300
467.86091 50
467.91351 150
468.03665 100
468.12020 50
468.19247 20
468.19585 20
468.21528 20
468.29090 10
468.32345 5
468.37786 30
468.76712 100
468.82161 2
469.15829 15
469.53560 20
469.69510 5
470.04785 5
470.25300 150 2.100E-03 D
470.43950 1500 -
470.88593 1200 4.200E-02 D

471.00669 1000

471.04874 30
471.20641 1500
471.21330 15
471.21463 15
471.27967 10
471.43409 70
471.51225 90
471.52550 30
471.53453 1500
471.76030 70
472.15362 70
472.21980 5
472.27180 15
472.37981 70
472.38110 70
472.41530 5
472.51453 70
474.95732 300
475.06808 30
475.18028 30
475.27315 500
475.31170 1
475.44380 100
475.87253 150
478.03375 300
478.08784 30
478.12378 2
478.40230 2

.555110
.575840
.726380
.693360
.693360
.636790
.636790
.704070
.704070
.704070
.693360
.693360
.693360
.575840
.711380
.575840
.704070
.704070
.704070
.612710
.612710
.612710
.612710
.711380
.726380
.726380
.612710
.612710
.612710
.575840
.693360
.693360
.381620
.381620
.693360
.693360
.726380
.726380
.704070
.636790
.612710
.636790
.636790
.636790
.704070
.704070
.612710
.704070
.704070
.711380
.636790
.636790
.693360
.711380
.711380
.381620
.381620
.381620
.381620
.381620
.726380
.5556110
.726380
.555110
.704070
.5556110
.612710
.555110
.555110
.612710
.636790
.726380
.726380
.711380
.726380
.726380
.636790
.575840
.575840
.575840
.575840
.726380
.575840
.636790
.693360
.693360
.693360
.693360

.259980
.280650
.430940
.396220
.396060
.335320
.334140
.396230
.396220
.395880
.385030
.382450
.382120
.261990
.396060
.259980
.382450
.382150
.382060
.286270
.285970
.285780
.284270
.382450
.395880
.395450
.281260
.280920
.280650
.241470
.357740
.356820
.043550
.040860
.351460
.351210
.382450
.382060
.357740
.286300
.261990
.285780
.285080
.284610
.351480
.351460
.259980
.350920
.350740
.357740
.280950
.280650
.3356320
.351210
.350320
.018580
.017430
.016390
.013890
.013210
.357740
.185580
.356820
.185540
.334140
.184310
.241470
.183800
.183750
.240090
.261990
.351210
.350920
.335320
.350320
.350130
.259980
.185540
.184930
.184310
.183800
.334140
.182870
.241470
.286270
.285970
.285780
.284270
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(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<1/2>) 6d
(2P*<1/2>) 3p- (2P*<1/2>)9s
(2P*<1/2>)3p- (2P*<3/2>)9d
(2P*<1/2>)3p- (2P*<3/2>)9d
(2P%<3/2>)3p- (2P*<3/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>) 9s
(2P*<1/2>)3p- (2P*<3/2>)9d
(2P*<1/2>)3p- (2P*<3/2>)9d
(2P*<1/2>) 3p- (2P*<3/2>)9d
(2P*<1/2>) 3p- (2P*<3/2>) 10s
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)9d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P%<3/2>)3p- (2P*<1/2>)7d
(2P*<1/2>) 3p- (2P*<3/2>) 9d
(2P*<1/2>) 3p- (2P*<3/2>) 9d
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P%<3/2>)3p- (2P*<1/2>)Ts
(2P*<1/2>) 3p- (2P*<1/2>)8s
(2P*<1/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<1/2>) 65
(2P*<3/2>) 3p- (2P*<1/2>) 65
(2P*<1/2>) 3p- (2P*<3/2>)8d
(2P*<1/2>) 3p- (2P*<3/2>)8d
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<1/2>) 3p- (2P*<3/2>)8d
(2P*<1/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<1/2>)3p- (2P*<3/2>)8d
(2P*<1/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>)9s
(2P*<3/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 5d
(2P*<3/2>) 3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>)6d
(2P*<1/2>) 3p- (2P*<1/2>)8s
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>) 9s
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>) 3p- (2P*<1/2>)7s
(2P*<3/2>)3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<1/2>)Ts
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<1/2>)3p- (2P*<3/2>)8d
(2P*<1/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>) 9s
(2P*<1/2>)3p- (2P*<3/2>)8d
(2P*<1/2>)3p- (2P*<3/2>)8d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<3/2>)9s
(2P*<3/2>) 3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>)7s
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P#<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<3/2>)7d

2[6/2]-2[3/2]*
2[5/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[3/2]1-2[5/2]*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]-2[6/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[5/21-2[3/2]*
2[1/2]1-2[3/2]*
2[56/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]-2[5/2]*
2[3/2]-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[1/2]*
2[1/2]1-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[56/2]-2[1/2]*
2[3/2]1-2[1/2]*
2[3/2]-2[1/2]*
2[1/2]1-2[1/2]1*
2[1/2]1-2[1/2]*
2[3/2]-2[5/2]*
2[3/2]1-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]1-2[3/2]*
2[3/2]1-2[1/2]*
2[3/2]-2[5/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/21*
2[3/2]1-2[7/21*
2[3/2]-2[1/2]*
2[3/2]-2[5/2]*
2[3/2]1-2[5/2]*
2[3/2]1-2[3/21*
2[3/2]-2[3/2]*
2[3/2]1-2[7/2]1*
2[1/2]1-2[1/2]*
2[3/2]-2[6/2]*
2[3/2]1-2[3/21*
2[3/2]1-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[1/2]*
2[1/2]-2[6/2]*
2[1/2]1-2[3/2]1*
2[1/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[1/2]*
2[1/2]1-2[1/2]*
2[5/2]1-2[5/2]*
2[1/2]-2[1/2]*
2[56/2]-2[5/2]*
2[3/2]-2[3/2]*
2[5/21-2[3/2]*
2[3/2]1-2[1/2]*
2[5/2]1-2[7/2]1*
2[5/2]1-2[7/2]1*
2[3/2]1-2[1/2]*
2[3/21-2[3/21*
2[1/2]1-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/2]*
2[56/2]-2[5/2]*
2[5/2]1-2[3/2]*
2[6/2]1-2[3/2]*
2[5/21-2[7/2]1*
2[1/2]1-2[3/2]*
2[56/2]-2[1/2]*
2[3/2]1-2[1/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/21*
2[3/2]-2[3/2]*
2[3/2]-2[1/2]*
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478.89255 1000

478.95920 100
479.02174 500
479.07199 30
480.01108 15
480.10760 2
480.23724 10
480.32520 1
480.95000 10
481.00631 150
481.06369 100
481.43359 50
481.68890 1
481.76368 300
481.87763 150
481.99307 70
482.19211 300
482.31720 100
482.33511 50
482.55183 50
482.73381 1000
482.75870 300
482.92881 5
483.73126 500
484.25588 10
484.29276 50
484.51410 15
484.57850 5
484.95278 30
485.14990 60
485.26562 100
485.96058 15
486.30778 100
486.43265 30
486.43702 30
486.55029 100
486.64766 80
486.70100 70
486.82660 70
488.34087 15
488.49184 1000
488.50898 100
488.83635 5
489.20892 500
489.22322 10
489.79214 70
489.90107 50
492.82381 70
493.09480 50
493.90427 100
494.49874 100
495.53911 150 3.300E-03 D
495.70337 1000
495.71222 150
497.35519 100
497.47664 50
497.59968 10
497.96423 5
499.49293 150
499.62466 2
499.74876 15
499.85148 10
500.04030 3
500.35735 2
500.51585 500
500.53384 50
501.10029 25
501.51840 5
502.28642 25
503.13493 250
503.15056 2
503.59933 35
503.75865 3
503.77510 500
504.15860 1
504.28497 15
504.58180 15
504.65939 3
505.29410 25
505.91632 2
507.40414 3
507.42004 35
507.65910 35
507.87646 15
508.03850 150
508.13800 15
508.39682 25
509.03296 8

.555110
.693360
.693360
.693360
.704070
.704070
.704070
.704070
.704070
.704070
.704070
.711380
.711380
.612710
.612710
.612710
.575840
.711380
.612710
.693360
.381620
.575840
.693360
.381620
.726380
.726380
.726380
.726380
.704070
.726380
.726380
.711380
.636790
.636790
.693360
.636790
.636790
.693360
.636790
.575840
.575840
.575840
.726380
.612710
.726380
.612710
.711380
.726380
.726380
.636790
.636790
.612710
.612710
.612710
.693360
.693360
.693360
.693360
.704070
.704070
.704070
.704070
.704070
.636790
.636790
.636790
.711380
.711380
.575840
.555110
.5556110
.5556110
.555110
.555110
.726380
.726380
.726380
.726380
.693360
.693360
.575840
.575840
.575840
.575840
.575840
.704070
.575840
.711380

.143360
.281260
.280920
.280650
.286300
.285780
.285080
.284610
.281260
.280950
.280650
.285970
.284610
.185540
.184930
.184310
.146380
.281260
.182490
.261990
.949280
.143360
.259980
.943990
.285970
.285780
.284610
.284270
.259980
.281260
.280650
.261990
.185580
.184930
.241470
.184310
.183800
.240090
.182870
.114020
.113230
.113140
.261990
.146380
.259980
.143360
.241470
.241470
.240090
.146380
.143360
.114020
.113190
.113140
.185540
.184930
.184310
.182490
.185580
.184930
.184310
.183800
.182870
.114020
.113230
.113140
.184930
.182870
.043550
.018660
.018580
.016390
.015610
.015530
.184930
.184310
.182870
.182490
.146380
.143360
.018660
.018580
.017430
.016390
.015610
.143360
.013890
.146380

H OO OO OO WWWwWWWwWWSNSNSNNNUOOR P, WwWWWwWwWwWwoonWwwWwEr WWWWAUTOOWAAOTWOAOTFE WWOIAOWWWWWWAWWWFErOWWWEREER,OITOOOIO OO WWw-N

WWO N WOAINUUWRE WUIUWONOONWWWOINWWNUWNR, WO WOAWERE WWAOWWOIONWWRLRNOWWNWOAWOR, WOOWOAOOOWWEREWWAWOAWWAONWWNONOowo

(2P*<3/2>)3p-(2P*<3/2>)Ts
(2P*<1/2>) 3p- (2P*<1/2>) 6d
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>) 3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<1/2>) 3p- (2P*<1/2>)6d
(2P*<1/2>) 3p- (2P*<1/2>)6d
(2P*<3/2>) 3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>)7d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>) 3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<3/2>)7s
(2P*<3/2>)3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>)7s
(2P*<1/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<1/2>) 3p- (2P*<3/2>)7d
(2P*<1/2>) 3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>)3p- (2P*<3/2>)7d
(2P*<1/2>) 3p- (2P*<3/2>)8s
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<1/2>) 3p- (2P*<1/2>) 6d
(2P*<3/2>) 3p- (2P*<3/2>)8s
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<1/2>)7s
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<1/2>)7s
(2P*<3/2>)3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>)5d
(2P*<3/2>) 3p- (2P*<1/2>)5d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<1/2>) 3p- (2P*<3/2>) 8s
(2P%<3/2>)3p-(2P*<3/2>)Ts
(2P*<1/2>) 3p-(2P*<3/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>)7s
(2P*<3/2>) 3p- (2P*<1/2>)7s
(2P*<1/2>) 3p- (2P*<1/2>)7s
(2P%<1/2>)3p-(2P*<1/2>)Ts
(2P*<3/2>) 3p- (2P*<3/2>)7s
(2P*<3/2>)3p- (2P*<3/2>)Ts
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<3/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<3/2>) 6d
(2P#<1/2>)3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>)5d
(2P*<3/2>) 3p- (2P*<1/2>)5d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<3/2>)3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>) 65
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>)6d
(2P*<1/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<3/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>)7s
(2P*<1/2>) 3p- (2P*<3/2>)7s
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 5d
(2P*<3/2>) 3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<1/2>) 3p- (2P*<3/2>)7s
(2P#<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>)7s

2[6/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/21-2[3/21*
2[3/2]1-2[5/21*
2[3/2]-2[3/2]*
2[3/2]1-2[7/2]1*
2[3/2]1-2[1/2]1%
2[3/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[3/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[1/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[5/2]1-2[3/2]1*
2[1/2]1-2[3/2]*
2[3/2]1-2[1/2]*
2[3/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[6/2]1-2[3/2]*
2[3/2]1-2[3/21*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[1/2]1*
2[3/2]1-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]-2[1/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[7/2]1*
2[3/2]1-2[1/2]*
2[3/2]1-2[1/2]*
2[6/2]-2[3/2]*
2[6/2]1-2[5/2]*
2[5/21-2[3/21*
2[1/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[1/2]1-2[1/2]1*
2[1/2]1-2[1/2]*
2[1/2]1-2[1/21*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]1*
2[3/2]1-2[3/21*
2[3/2]1-2[5/21*
2[3/2]-2[3/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/21*
2[3/2]1-2[1/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[7/2]1*
2[3/2]-2[1/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/2]*
2[3/2]1-2[3/2]1*
2[1/2]1-2[3/2]*
2[1/21-2[1/21*
2[5/2]1-2[1/2]*
2[6/2]1-2[5/2]1*
2[5/2]1-2[5/21*
2[5/2]1-2[3/2]*
2[5/2]1-2[7/2]1*
2[5/2]1-2[7/2]1*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/21*
2[1/2]1-2[1/2]*
2[1/21-2[1/21*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[5/2]1-2[5/21*
2[5/2]1-2[5/2]*
2[6/2]1-2[3/2]*
2[5/2]1-2[3/2]1*
2[5/2]1-2[7/2]1*
2[3/2]1-2[3/21*
2[6/2]-2[1/2]*
2[1/2]-2[3/2]*
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509.
510.
511
511
511
512.
512.
512.
512.
512.
514.
514.
514.
514.
515.
515.
515.
515.
515.
516.
518.
518.
519.
519.
519.
520.
520.
520.
521
521
522.
523.
527.
528.
529.
530.
531
531
532
532.
533.
533.
533.
534.
534.
534.
534.
535.
535.
535.
535.
536.
536.
536.
536.
537
537.
538.
540.
541.
541
541.
542.
543.
544.
544.
549.
550.
551
551.
553.
5563.
555.
556.
556.
556.
557.
558.
558.
565.
565.
565.
566.
568.
568.
571
571
571.

90485
46998

.36726
.65030
.70205

05027
18917
22566
23511
82850
32627
49374
50322
51275
00794
19619
44264
66672
89016
34829
23192
86126
13224
31252
32223
38956
65774
88638

.05682
.43374

23518
40273
40409
00869
81895
47572

.47862
.68045
.05509

63964
07774
33071
57061
10936
26236
32838
92025
35080
51627
54222
80027
00108
04240
22290
62210

.23107

49768
32474
05618
01796

.26483

85589
01580
36509
71022
85097
44160
73412

.11780

14961
36788
86517
90974
24426
27667
30543
60385
59096
93510
25676
60263
66587
25489
46615
98161

.53470
.88829

92255

25
75
150
35
25
150
150

500
500

150

30
25

75
600
50
1000

600
150

150

1.000E-02 D

5.600E-03 D

6.800E-03 D

5.300E-03 D

1.100E-01 D

9.000E-03 B

5.200E-03 D

2.830E-03 B

8.900E-03 D

6.900E-03 D

.612710
.612710
.381620
.381620
.381620
.693360
.726380
.693360
.693360
.726380
.704070
.704070
.704070
.704070
.636790
.612710
.612710
.612710
.711380
.612710
.965960
.555110
.726380
.726380
.726380
.636790
.636790
.636790
.636790
.636790
.575840
.575840
.693360
.693360
.704070
.612710
.711380
.612710
.381620
.381620
.381620
.693360
.693360
.381620
.965960
.381620
.726380
.965960
.704070
.726380
.704070
.636790
.704070
.704070
.704070
.636790
.711380
.711380
.670830
.726380
.726380
.726380
.726380
.381620
.965960
.381620
.693360
.693360
.555110
.555110
.704070
.711380
.575840
.575840
.575840
.575840
.726380
.965960
.726380
.612710
.612710
.612710
.381620
.965960
.381620
.636790
.636790
.636790

.043550
.040860
.805510
.804170
.803930
.114020
.146380
.113190
.113140
.143360
.114020
.113230
.113190
.113140
.043550
.018580
.017430
.016390
.114020
.013210
.357740
.943990
.114020
.113190
.113140
.018660
.017430
.016390
.015610
.013890
.949280
.943990
.043550
.040860
.043550
.949280
.043550
.943990
.711270
.708710
.706800
.017430
.016390
.702310
.285970
.701360
.043550
.281260
.018660
.040860
.017430
.949280
.016390
.015610
.013890
.943990
.017430
.013890
.965960
.017430
.016390
.013890
.013210
.662780
.241470
.656560
.949280
.943990
.804170
.804040
.943990
.949280
.805510
.804170
.804040
.803930
.949280
.184930
.943990
.805510
.804170
.803930
.570570
.146380
.560080
.805510
.804170
.804040
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(2P*<3/2>)3p- (2P*<1/2>)6s
(2P*<3/2>) 3p- (2P*<1/2>) 65
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<1/2>) 3p- (2P*<3/2>)7s
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<1/2>)3p-(2P*<3/2>)7s
(2P*<1/2>) 3p- (2P*<1/2>)5d
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<3/2>) 3p- (2P*<1/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<1/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>)5d
(2P*<1/2>)3p- (2P*<1/2>)8s
(2P*<3/2>) 3p- (2P*<3/2>) 6s
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<1/2>)3p- (2P*<1/2>)5d
(2P*<1/2>) 3p- (2P*<1/2>)6d
(2P*<3/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<1/2>) 3p- (2P*<1/2>) 65
(2P*<1/2>)3p- (2P*<1/2>) 65
(2P*<1/2>) 3p- (2P*<1/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>) 3p- (2P*<1/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>) 4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>)3p- (2P*<3/2>)5d
(2P*<1/2>)3p- (2P*<3/2>)6d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<1/2>) 3p-(2P*<3/2>)7d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<1/2>) 65
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>) 3p- (2P*<1/2>) 65
(2P*<1/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<1/2>)3p- (2P*<3/2>)5d
(2P*<1/2>)3p- (2P*<3/2>)5d
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<3/2>) 5d
(2P*<3/2>)3s- (2P*<1/2>)3p
(2P*<1/2>) 3p- (2P*<3/2>) 6d
(2P*<1/2>)3p- (2P*<3/2>)5d
(2P*<1/2>)3p- (2P*<3/2>)6d
(2P*<1/2>)3p- (2P*<3/2>)5d
(2P*<3/2>) 3p- (2P*<1/2>)5s
(2P*<1/2>) 3p- (2P*<1/2>)7s
(2P*<3/2>) 3p- (2P*<1/2>)5s
(2P*<1/2>) 3p- (2P*<3/2>) 65
(2P*<1/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>) 3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>) 65
(2P*<1/2>) 3p- (2P*<3/2>)6d
(2P*<1/2>) 3p- (2P*<3/2>) 65
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)5s
(2P*<1/2>) 3p- (2P*<3/2>)7s
(2P*<3/2>) 3p- (2P*<3/2>) 55
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P#<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<1/2>)4d

2[3/2]-2[1/2]*
2[3/2]1-2[1/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/21*
2[1/2]1-2[5/21*
2[3/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[5/21*
2[3/2]1-2[5/21*
2[3/2]1-2[3/2]1*
2[3/2]1-2[1/2]*
2[3/2]-2[5/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]-2[1/2]*
2[1/2]-2[1/2]*
2[6/2]1-2[3/2]*
2[1/2]1-2[3/21*
2[1/2]1-2[5/2]1*
2[1/2]1-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[7/2]*
2[3/2]-2[1/2]*
2[5/2]1-2[3/2]*
2[6/2]1-2[3/2]*
2[3/2]1-2[1/2]1*
2[3/2]1-2[1/2]*
2[3/2]-2[1/2]*
2[3/2]1-2[3/2]*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/21*
2[1/2]1-2[5/2]1*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[3/21*
2[3/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[3/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[1/2]1*
2[1/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/2]1*
2[3/2]1-2[3/21*
2[3/2]-2[3/2]*
2[3/2]1-2[7/2]1*
2[3/2]1-2[1/2]*
2[3/2]1-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]1-2[1/2]*
2[3/2]*-2[1/2]
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/2]1-2[1/2]*
2[1/2]-2[1/2]*
2[1/2]-2[1/2]*
2[1/2]-2[1/2]*
2[1/2]1-2[1/2]*
2[3/2]1-2[3/2]*
2[3/2]-2[3/2]*
2[5/2]1-2[3/2]*
2[6/2]1-2[5/2]1*
2[3/21-2[3/21*
2[1/2]1-2[3/2]*
2[6/2]-2[3/2]*
2[5/2]1-2[3/2]*
2[6/2]1-2[6/2]1*
2[5/21-2[5/21*
2[1/2]1-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/21*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]1-2[3/2]*
2[3/2]1-2[3/21*
2[3/2]-2[3/2]*
2[3/2]1-2[5/2]*
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571.95294 75 -
574.82990 500 -
574.86493 70 -
576.05896 70 -
576.40548 3 -
576.44191 700 -
577.03151 50 -
580.40921 75 -
580.44494 500 -
581.14072 300 -
581.66228 50 -
582.01558 500 -
582.89072 75 -
585.24879 2000 6.820E-01 B
586.84175 75 1.400E-02 D
587.21455 75 -
587.28271 500 -
588.18952 1000 1.150E-01 B-
589.83311 20 -
590.20972 3 -
590.24620 50 -
590.27858 5 -
590.64278 50 -
591.36325 250 4.800E-02 D
591.89080 250 -
591.90332 8 -
592.26918 25 -
593.44560 75 -
593.93180 50 -
594.48342 500 1.130E-01 C+
596.16243 70 3.300E-02 D
596.54716 500 -
596.61751 35 -
597.46283 500 -
597.55340 600 3.510E-02 B-
598.23799 8 -
598.79070 150 -
599.16511 75 -
600.09263 100 -
602.99969 1000 5.610E-02 B-
604.19898 15 -
604.61341 50 2.260E-03 B
606.45370 50 -
607.43377 1000 6.030E-01 C+
609.61631 300 1.810E-01 C+
611.80154 15 6.090E-03 B
612.84499 100 6.700E-03 B-
614.25055 100 -
614.30626 1000 2.820E-01 B-
615.02980 100 1.500E-02 D
615.61399 50 -
616.35939 1000 1.460E-01 B-
617.28247 15 -
617.48821 70 -
617.52864 50 -
618.21480 150 -
618.31623 5 -
618.90669 70 -
619.30669 50 -
620.29767 15 -
620.57782 100 -
621.38773 150 -
621.72812 1000 6.370E-02 B-
622.57380 50 -
624.67281 100 -
624.95918 5 -
625.27519 2 -
625.87901 100 -
626.64950 1000 2.490E-01 B-
627.30155 70 9.700E-03 D
627.60368 50 -
629.37458 100 6.390E-03 B
630.47889 100 4.160E-02 B-
631.36894 150 -
632.81653 300 3.390E-02 B
633.08945 150 2.300E-02 D
633.44278 1000 1.610E-01 B-
635.18564 100 3.450E-03 B
636.49975 100 -
638.29917 1000 3.210E-01 B-
640.10763 100 1.390E-02 B
640.22460 2000 5.140E-02 B
640.97502 150 -
642.17070 100 -
644.47104 150 -
650.65281 100 3.000E-01 B-
653.28822 100 1.080E-01 B-
659.89529 1000 2.320E-01 B-

.636790
.555110
.555110
.5556110
.5556110
.555110
.965960
.575840
.575840
.575840
.575840
.575840
.575840
.848050
.693360
.693360
.693360
.619070
.704070
.704070
.704070
.704070
.612710
.612710
.711380
.612710
.612710
.612710
.575840
.619070
.726380
.726380
.726380
.636790
.619070
.636790
.636790
.636790
.636790
.670830
.965960
.612710
.612710
.670830
.670830
.636790
.670830
.693360
.619070
.693360
.693360
.715380
.693360
.704070
.704070
.555110
.704070
.704070
.704070
.704070
.711380
.575840
.619070
.711380
.575840
.965960
.726380
.726380
.715380
.726380
.726380
.693360
.670830
.693360
.704070
.612710
.619070
.711380
.612710
.670830
.726380
.619070
.636790
.726380
.636790
.670830
.715380
.848050

.803930
.711400
.711270
.706800
.705500
.705370
.114020
.711400
.711270
.708710
.706800
.705500
.702310
.965960
.805510
.804170
.803930
. 726380
.805510
.804170
.804040
.803930
.711270
.708710
.805510
.706800
.705500
.701360
.662780
.704070
.805510
.804170
.803930
.711400
.693360
.708710
.706800
.705500
.702310
.726380
.017430
.662780
.656560
.711380
.704070
.662780
.693360
.711270
.636790
.708710
.706800
. 726380
.701360
.711400
.711270
.560080
.708710
.706800
.705500
.702310
.708710
.570570
.612710
.702310
.560080
.949280
.708710
.706800
.693360
.702310
.701360
.662780
.636790
.656560
.662780
.570570
.575840
.662780
.560080
.612710
.662780
.555110
.570570
.656560
.560080
.575840
.612710
.726380
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(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)6d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>) 4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<1/2>)3s-(2P*<1/2>)3p
(2P*<1/2>) 3p- (2P*<1/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<1/2>) 3p- (2P*<1/2>)4d
(2P*<3/2>)3s-(2P*<1/2>)3p
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<1/2>) 3p- (2P*<1/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<1/2>) 5s
(2P%<3/2>)3s-(2P*<1/2>)3p
(2P*<1/2>) 3p- (2P*<1/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>) 4d
(2P*<3/2>)3s- (2P*<1/2>)3p
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>)3s- (2P*<1/2>)3p
(2P*<1/2>) 3p- (2P*<3/2>)6d
(2P*<3/2>) 3p- (2P*<1/2>)5s
(2P*<3/2>) 3p- (2P*<1/2>) 5s
(2P%<3/2>)3s- (2P*<3/2>) 3p
(2P*<3/2>) 3s- (2P*<1/2>) 3p
(2P*<3/2>) 3p- (2P*<1/2>) 5s
(2P*<3/2>)3s-(2P*<1/2>)3p
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P%<3/2>)3s- (2P*<3/2>) 3p
(2P*<1/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P*<1/2>)3s-(2P*<1/2>)3p
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>) 55
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>) 4d
(2P*<1/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>)3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>)5s
(2P*<3/2>)3s- (2P*<3/2>) 3p
(2P*<3/2>) 3p- (2P*<3/2>)4d
(2P*<3/2>) 3p- (2P*<3/2>) 5s
(2P*<1/2>) 3p- (2P*<3/2>) 65
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>)4d
(2P*<1/2>) 3s- (2P*<1/2>) 3p
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P*<1/2>)3p- (2P*<3/2>)4d
(2P*<1/2>) 3p- (2P*<1/2>) 5s
(2P%<3/2>)3s- (2P*<3/2>) 3p
(2P*<1/2>) 3p- (2P*<1/2>)5s
(2P*<1/2>) 3p- (2P*<1/2>) 55
(2P*<3/2>) 3p- (2P*<3/2>)5s
(2P*<3/2>) 3s- (2P*<3/2>) 3p
(2P*<3/2>) 3p- (2P*<1/2>)5s
(2P*<3/2>) 3p- (2P*<3/2>) 5s
(2P*<3/2>)3s-(2P*<3/2>)3p
(2P*<1/2>) 3p- (2P*<1/2>)5s
(2P%<3/2>)3s- (2P*<3/2>) 3p
(2P*<3/2>) 3p- (2P*<3/2>)5s
(2P*<1/2>) 3p- (2P*<1/2>)5s
(2P*<3/2>) 3p- (2P*<3/2>) 55
(2P*<3/2>)3s-(2P*<3/2>)3p
(2P*<1/2>) 3s- (2P*<3/2>) 3p
(2P*<1/2>)3s- (2P*<1/2>)3p

2[3/2]-2[5/2]*
2[5/2]-2[5/2]*
2[5/21-2[5/21*
2[5/21-2[3/2]*
2[5/21-2[7/2]1*
2[5/2]1-2[7/2]1*
2[1/2]-2[3/2]*
2[5/21-2[5/21*
2[5/2]-2[5/2]
2[5/2]1-2[3/2]1*
2[5/2]-2[3/2]*
2[5/2]-2[7/2]*
2[5/21-2[1/21*
2[1/2]1%-2[1/2]
2[3/2]1-2[3/2]1*
2[3/2]-2[3/2]*
2[3/2]-2[5/2]*
2[3/2]1*-2[1/2]
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]-2[5/2]*
2[3/2]1-2[5/21*
2[3/21-2[5/21*
2[3/2]1-2[3/2]*
2[1/2]1-2[3/2]1*
2[3/2]-2[3/2]*
2[3/21-2[7/21*
2[3/21-2[1/2]*
2[5/2]1-2[1/2]*
2[3/2]*-2[3/2]
2[1/2]-2[3/2]*
2[1/21-2[3/2]*
2[1/2]-2[5/2]*
2[3/2]1-2[5/2]1*
2[3/2]%-2[3/2]
2[3/2]-2[3/2]*
2[3/21-2[3/2]*
2[3/21-2[7/2]*
2[3/2]1-2[1/2]*
2[3/2]1*-2[1/2]
2[1/2]1-2[3/2]*
2[3/21-2[1/21*
2[3/21-2[1/2]*
2[3/2]*-2[1/2]
2[3/2]1%-2[3/2]
2[3/21-2[1/2]*
2[3/2]1%-2[3/2]
2[3/2]1-2[5/2]1*
2[3/2]*-2[3/2]
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[1/2]1*-2[1/2]
2[3/2]1-2[1/2]*
2[3/2]-2[5/2]*
2[3/2]-2[5/2]*
2[5/21-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[3/2]1*
2[3/2]1-2[7/2]1*
2[3/2]-2[1/2]*
2[1/21-2[3/2]*
2[5/21-2[3/2]*
2[3/2]*-2[3/2]
2[1/2]-2[1/2]*
2[5/21-2[3/2]*
2[1/21-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1%-2[3/2]
2[1/21-2[1/2]*
2[1/21-2[1/2]*
2[3/2]1-2[1/2]*
2[3/2]%-2[3/2]
2[3/2]-2[1/2]*
2[3/21-2[1/21*
2[3/2]1-2[3/2]*
2[3/21%-2[5/21
2[1/2]-2[1/2]*
2[3/2]-2[3/2]*
2[3/21%-2[3/2]
2[1/21-2[1/2]*
2[3/2]1%-2[5/2]
2[3/2]-2[3/2]*
2[1/2]-2[1/2]*
2[3/2]1-2[3/2]*
2[3/2]*-2[5/2]
2[1/21%-2[3/2]
2[1/2]1%-2[1/2]
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660.29038 100 -
664.00088 10 -
665.20927 150 2.900E-03 B
666.68925 100 -
667.82762 500 2.330E-01 C+
671.70430 70 2.170E-01 B-
672.11370 2 4.900E-04 D
673.80350 70 -
675.95860 15 -
692.94673 1000 1.740E-01 B-
702.40504 500 1.890E-02 B
703.24131 1000 2.530E-01 B-
705.12923 70 3.000E-02 D
705.91074 200 6.800E-02 C
711.23106 10 -
717.39381 1000 2.870E-02 B-
724.51666 1000 9.350E-02 B-
730.48440 30 2.550E-03 B
743.88984 300 2.310E-02 B-
747.24386 50 4.000E-02 D
748.88712 500 3.490E-01 C
753.57741 300 4.300E-01 D
754.40443 100 -
772.46281 10 -
783.30303 7 -
783.90546 30 -
783.99893 1 -
792.71177 40 -
793.69961 70 7.800E-03 C
794.31814 200 -
794.41411 20 -
802.40500 2 -
804.17600 2 -
807.60700 1 -
808.24580 200 1.200E-03 B
809.31100 2 -
811.85492 100 4.900E-02 D
812.89108 60 7.200E-03 C
813.64057 300 -
824.86823 30 -
825.93790 150 2.030E-02 C
826.60772 200 -
826.71165 80 -
830.03263 600 -
830.15597 150 -
836.57485 150 -
837.63614 200 -
837.76065 800 5.100E-01 C
841.71591 100 -
841.84274 400 -
846.33575 150 -
848.44435 80 -
849.53598 500 3.570E-01 C
854.46958 60 -
857.13524 100 5.500E-02 D
858.29028 60 1.000E-02 C
859.12587 400 -
863.46470 600 -
863.53175 50 -
864.70411 300 3.910E-02 C
865.43831 1500 4.450E-01 C
865.55224 400 -
867.94925 500 -
868.19211 500 2.100E-01 D
870.41116 200 -
876.75360 15 1.100E-03 D
877.16563 400 1.600E-01 D
877.87328 150 -
878.06210 1200 -
878.20012 50 -
878.37533 1000 3.130E-01 C
879.25050 30 -
883.09072 50 -
885.38668 700 -
886.53063 100 9.400E-03 D
886.57552 500 -
889.22200 10 -
889.56700 2 -
891.53600 3 -
891.95006 300 -
892.74000 2 -
892.92500 10 -
894.14900 6 -
896.23300 3 -
896.85300 2 -
898.85564 200 -
903.70100 6 -
904.68000 1 -

.693360
.693360
. 848050
.711380
.848050
.848050
.726380
.965960
.726380
.848050
.848050
.619070
.381620
.381620
.965960
.848050
.670830
.965960
.715380
.381620
.381620
.381620
.381620
.965960
.555110
.555110
.555110
.575840
.575840
.575840
.575840
.664030
.664030
LT79770
.848050
.688200
.612710
.612710
.612710
.636790
.636790
.636790
.636790
.555110
.555110
.555110
.5556110
.555110
.575840
.575840
.575840
.575840
.575840
.575840
.693360
.693360
.693360
.612710
.704070
.704070
.704070
.704070
.711380
.612710
.612710
.612710
.726380
.612710
.636790
.636790
.726380
.726380
.636790
.636790
.381620
.636790
.664030
.664030
.664030
.636790
.760600
.664030
.688200
LTT9770
.664030
.381620
LT79770
.026450

.570570
.560080
.711380
.570570
.704070
.693360
.570570
.805510
.560080
.636790
.612710
.381620
.139460
.137510
.708710
.575840
.381620
.662780
.381620
.040390
.036750
.026450
.024640
.570570
.137510
.136300
.136110
.139460
.137510
.136300
.136110
.208770
.2056370
.314560
.381620
.219750
.139460
.137510
.136110
.139460
.137510
.136300
.136110
.048430
.048210
.036750
.034870
.034650
.048430
.048210
.040390
.036750
.034870
.026450
.139460
.137510
.136110
.048210
.139460
.137510
.136300
.136110
.139460
.040390
.036750
.026450
.139460
.024640
.048430
.048210
.137510
.136110
.040390
.036750
LT79770
.034870
.057950
.057410
.054330
.026450
.149030
.052170
.074430
.162790
.046090
.760600
.151360
.396560
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(2P*<1/2>) 3p- (2P*<3/2>) 5s
(2P*<1/2>) 3p- (2P*<3/2>) 5s
(2P*<1/2>)3s- (2P*<3/2>) 3p
(2P*<3/2>) 3p- (2P*<3/2>) 5s
(2P%<1/2>)3s-(2P*<1/2>)3p
(2P*<1/2>)3s- (2P*<1/2>)3p
(2P*<1/2>) 3p- (2P*<3/2>) 5s
(2P*<1/2>)3p- (2P*<1/2>)4d
(2P*<1/2>) 3p- (2P*<3/2>)5s
(2P*<1/2>)3s-(2P*<3/2>)3p
(2P*<1/2>)3s- (2P*<3/2>) 3p
(2P*<3/2>) 3s- (2P*<3/2>) 3p
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>) 4d
(2P*<1/2>)3s- (2P*<3/2>) 3p
(2P*<3/2>) 3s- (2P*<3/2>) 3p
(2P*<1/2>) 3p- (2P*<1/2>) 55
(2P%<1/2>)3s-(2P*<3/2>) 3p
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>) 3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>) 5s
(2P*<3/2>) 3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<1/2>)3d
(2P*<3/2>)4s- (2P*<3/2>)7p
(2P%<3/2>)4s- (2P*<3/2>) Tp
(2P*<1/2>)4s-(2P*<1/2>)7p
(2P*<1/2>) 3s- (2P*<3/2>) 3p
(2P*<3/2>) 4s- (2P*<3/2>)7p
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>) 3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>) 3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<1/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P#<3/2>)3p- (2P*<1/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>) 3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<1/2>)3p- (2P*<1/2>)3d
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>) 3d
(2P*<3/2>)3p- (2P*<1/2>)4s
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<3/2>)4s- (2P*<3/2>) 6p
(2P*<3/2>)4s- (2P*<3/2>) 6p
(2P*<3/2>) 4s- (2P*<3/2>) 6p
(2P*<3/2>)3p- (2P*<3/2>)3d
(2P*<1/2>)4s- (2P*<1/2>)6p
(2P%<3/2>)4s- (2P*<3/2>) 6p
(2P*<3/2>)4s-(2P*<3/2>)6p
(2P*<1/2>)4s- (2P*<1/2>)6p
(2P*<3/2>)4s- (2P*<3/2>) 6p
(2P*<3/2>) 3p- (2P*<1/2>) 4s
(2P*<1/2>)4s- (2P*<1/2>)6p
(2P*<3/2>)3d- (2P*<3/2>) 9f

2[3/2]-2[3/2]*
2[3/2]-2[3/2]*
2[1/2]1*-2[1/2]
2[1/2]1-2[3/2]*
2[1/21%-2[3/2]
2[1/21%-2[3/2]
2[1/2]-2[3/2]*
2[1/21-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1%-2[3/2]
2[1/21%-2[3/2]
2[3/2]1*-2[1/2]
2[1/21-2[3/2]*
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]*
2[1/2]1%-2[5/2]
2[3/2]1*-2[1/2]
2[1/21-2[1/2]*
2[1/2]1%-2[1/2]
2[1/2]-2[3/2]*
2[1/2]1-2[3/2]1*
2[1/21-2[1/2]*
2[1/21-2[1/2]*
2[1/2]1-2[3/2]*
2[5/2]-2[3/2]*
2[5/2]-2[5/2]*
2[5/21-2[5/21*
2[5/21-2[3/2]*
2[5/2]1-2[3/2]1*
2[5/2]-2[5/2]*
2[5/2]-2[5/2]*
2[3/21%-2[3/2]
2[3/2]%-2[5/2]
2[1/2]1%-2[1/2]
2[1/2]1%-2[1/2]
2[3/21*-2[1/2]
2[3/21-2[3/2]*
2[3/2]1-2[3/2]*
2[3/2]1-2[5/2]1*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]1*
2[3/21-2[5/21*
2[3/2]-2[5/2]*
2[5/2]-2[5/2]*
2[5/2]1-2[5/2]1*
2[5/21-2[3/2]*
2[5/21-2[7/21*
2[5/21-2[7/2]1*
2[5/2]1-2[5/2]1*
2[5/2]-2[5/2]*
2[5/21-2[3/2]*
2[5/21-2[3/2]*
2[5/21-2[7/2]1*
2[5/2]-2[1/2]*
2[3/2]-2[3/2]*
2[3/21-2[3/2]*
2[3/2]-2[5/2]1*
2[3/2]1-2[5/2]1*
2[3/2]-2[3/2]*
2[3/2]-2[3/2]*
2[3/21-2[5/21*
2[3/2]1-2[5/2]*
2[1/2]-2[3/2]*
2[3/2]-2[3/2]*
2[3/21-2[3/2]*
2[3/21-2[1/2]*
2[1/2]-2[3/2]*
2[3/2]-2[1/2]*
2[3/2]-2[5/2]*
2[3/21-2[5/21*
2[1/2]-2[3/2]*
2[1/2]1-2[5/2]1*
2[3/2]-2[3/2]*
2[3/2]-2[3/2]*
2[1/21-2[1/2]*
2[3/21-2[7/21*
2[3/21%-2[3/2]
2[3/2]%-2[3/2]
2[3/2]1*-2[5/2]
2[3/21-2[1/21*
2[1/2]1%-2[1/2]
2[3/2]1%-2[5/2]
2[3/21%-2[1/2]
2[1/2]1%-2[1/2]
2[3/2]1*-2[1/2]
2[1/21-2[1/2]*
2[1/2]1%-2[3/2]
2[1/2]1%-2[5/2]
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904.
905.
905.
907.
910.
910.
914.
920.
922.
922.
922.
927.
930.
931
931
932.
934.
935.
937.
941
941.
942.
943.
944.
944 .
944.
944.
945.
945.
945.
948.
950.
953.
954.
957.
964.
966.
972.
978.
982.
983.
989.
989.
991
991
993.
993.
993.
993.
994.
994.
994.
994.
996.

90700
23900
26500
30400
20600
35300
86716
17591
00583
15801
66903
55196
08527

.05839
.39726

65068
05400
32500
33078

.07500

23200
53788
30077
38600
38600
52200
52200
39800
39800
92095
66818
82800
41629
74049
39700
22700
54197
49500
82500
33900
74500
72800
90200

.51100
.85500

68000
68000
83000
83000
40700
51200
80000
80000
35600

= 00 o0 o Ww

600

2.500E-02 D

6.300E-02 D

.688200
LTT9770
.688200
.688200
.034650
.034870
.693360
.693360
.704070
.704070
.693360
.704070
.704070
.693360
.704070
.711380
.024640
.026450
.704070
.034650
.034870
.711380
.726380
.136110
.136110
.136300
.136300
.137510
.137510
.726380
.381620
.048430
.726380
.726380
LTT9770
.760600
.381620
L7T79770
LT79770
.024640
.026450
.034650
.034870
.036750
.036750
.136110
.136110
.136300
.136300
.040390
.036750
.137510
.137510
.139460

.057950
.149030
.057410
.054330
.396430
.396430
.048210
.040390
.048430
.048210
.036750
.040390
.036750
.024640
.034870
.040390
.351660
.351660
.026450
.351770
.351770
.026450
.040390
.448610
.448610
.448610
.448610
.448610
.448610
.036750
.688200
.352030
.026450
.024640
.074430
.046090
.664030
.054330
.046090
.286430
.286430
.287020
.287020
.286860
.286430
.383500
.383500
.383500
.383500
.286860
.283090
.383500
.383500
.383500
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(2P*<3/2>)4s- (2P*<3/2>) 6p
(2P*<1/2>)4s- (2P*<1/2>)6p
(2P*<3/2>)4s- (2P*<3/2>) 6p
(2P*<3/2>)4s- (2P*<3/2>)6p
(2P%<3/2>)3d- (2P*<3/2>) 9f
(2P*<3/2>) 3d- (2P*<3/2>) 9f
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>) 3d
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>)3d- (2P*<3/2>) 8f
(2P*<3/2>)3d- (2P*<3/2>)8f
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P%<3/2>)3d- (2P*<3/2>)8f
(2P*<3/2>) 3d- (2P*<3/2>) 8f
(2P*<3/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>)3p- (2P*<3/2>)3d
(2P*<1/2>)3d- (2P*<1/2>)8f

7 (2P*<1/2>)3d-(2P*<1/2>)8f

w o~
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(2P*<1/2>)3d- (2P*<1/2>) 8f
(2P*<1/2>)3d- (2P*<1/2>)8f
(2P*<1/2>)3d- (2P*<1/2>)8f
(2P*<1/2>)3d- (2P*<1/2>)8f
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<3/2>) 3p- (2P*<3/2>) 4s
(2P*<3/2>) 3d- (2P*<3/2>) 8f
(2P*<1/2>)3p- (2P*<3/2>)3d
(2P*<1/2>) 3p- (2P*<3/2>)3d
(2P*<1/2>)4s- (2P*<3/2>) 6p
(2P*<1/2>) 4s- (2P*<3/2>) 6p
(2P*<3/2>) 3p- (2P*<3/2>) 4s
(2P*<1/2>)4s-(2P*<3/2>)6p
(2P*<1/2>)4s- (2P*<3/2>) 6p
(2P*<3/2>)3d- (2P*<3/2>) T
(2P*<3/2>) 3d- (2P*<3/2>) 7f
(2P*<3/2>)3d- (2P*<3/2>) £
(2P*<3/2>)3d- (2P*<3/2>) £
(2P*<3/2>)3d- (2P*<3/2>) 7£
(2P*<3/2>) 3d- (2P*<3/2>) 7f
(2P*<1/2>)3d- (2P*<1/2>) 7
(2P*<1/2>)3d- (2P*<1/2>)T£
(2P*<1/2>)3d- (2P*<1/2>)7£
(2P%<1/2>) 3d- (2P*<1/2>) 7f
(2P*<3/2>) 3d- (2P*<3/2>) 7f
(2P*<3/2>)3d- (2P*<1/2>) 6f
(2P*<1/2>)3d- (2P*<1/2>)T£
(2P*<1/2>)3d- (2P*<1/2>)7£
1.0 2.0

2[3/2]*-2[3/2]
2[1/2]1%-2[1/2]
2[3/21%-2[3/2]
2[3/2]1%-2[5/2]
2[7/21%-2[9/2]
2[7/21%-2[9/2]
2[3/2]-2[5/2]*
2[3/2]1-2[3/2]*
2[3/2]-2[5/2]*
2[3/2]1-2[5/2]1*
2[3/2]-2[3/2]*
2[3/2]-2[3/2]*
2[3/2]1-2[3/2]*
2[3/21-2[1/2]*
2[3/2]1-2[7/2]1*
2[1/2]-2[3/2]*
2[1/21%-2[3/2]
2[1/2]1%-2[3/2]
2[3/21-2[1/2]*
2[7/21%-2[9/21
2[7/21%-2[9/2]
2[1/21-2[1/2]*
2[1/21-2[3/2]*
2[5/21%-2[5/2]
2[5/2]*-2[7/2]
2[5/2]1%-2[5/2]
2[5/21%-2[7/2]1
2[3/2]1*-2[5/2]
2[3/21%-2[7/2]1
2[1/2]-2[3/2]*
2[1/2]-2[3/2]*
2[5/21%-2[7/2]
2[1/21-2[1/2]*
2[1/2]1-2[1/2]*
2[1/2]1%-2[1/2]
2[1/2]1*-2[1/2]
2[1/21-2[3/21*
2[1/2]1%-2[5/2]
2[1/2]1%-2[1/2]
2[1/21%-2[3/2]
2[1/21%-2[3/2]
2[7/2]1*-2[7/2]
2[7/2]1%-2[7/2]
2[3/2]*-2[5/2]
2[3/2]1*-2[3/2]
2[5/21%-2[5/21
2[5/2]1%-2[7/2]
2[5/21%-2[5/2]
2[5/2]*-2[7/2]
2[3/2]1%-2[5/2]
2[3/21%-2[5/2]1
2[3/2]1*-2[5/2]
2[3/21%-2[7/2]
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Odecet (mm)

Kalibrace ukazatele spektroskopu

Obréazek 15: Prevod mezi dilky stupnice spektroskopu a vlnovou délkou zaméfenou nitkovym
zamerovacem.
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