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RESUMO O CiEtteteca co

Toyo

so talo

Nos ultimos 40 anos, importantes avanços foram alcançados no conhecimento

espectroscópico do metanol e seus isótopos. Com o aprimoramento das várias técnicas
espectroscópicas, utilizadas para a obtenção de dados de absorção no Infravermelho (IR) e

Infravermelho Longínquo (FIR) e de emissão laser na região FIR, têm se obtido um crescente

número de informações a alta resolução destas moléculas. Consequentemente, isto tem

possibilitado a realização de investigações sistemáticas destes dados e um melhor conhecimento

espectroséópico de moléculas tipo metanol. Por outro lado, o avanço tecnológico dos micro­

computadores, a introdução de novas linguagens computacionais e “softwares ', permitiram o

desenvolvimento de pacote de programas computacionais que agilizaram a análise dos dados

espectroscópicos destas moléculas.

Neste trabalho, descrevemos os procedimentos utilizados na análise sistemática de

espectros de absorção a Transformada de Fourier, a média e a alta resolução, de moléculas tipo

metanol e os resultados associados a nossa contribuição, no trabalho de “assignment”

(identificação dos numeros quânticos envolvidos em uma transição) de transições IR e FIR do

metanol (CH;OH) e do isótopo PCH;zOH. Este trabalho envolve a colaboração de grupos de

outras 4 universidades e conta com o apoiofinanceiro do CNPq, FAPESP e FUNDUNESTP.
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INTRODUÇÃO
é 2/7

. . . . ” . . .
.. o.“

A primeira investigação experimental com o metanol foi realizada por Borderáhd

Barker [1], em 1939, e o primeiro tratamento teórico extensivo foi feito por Koehler e

Dennison [2], em 1940. No inicio, o interesse surgiu principalmente por razões teóricas;

o CH;OH é uma molécula simples, exibindo uma rotação interna impedida. A partir de

1970, o interesse espectroscópico do metanol e seus isótopos aumentou muito, após a

realização, por Chang e Bridges [3] do primeiro laser molecular através do

bombeamento óptico. Hoje, o metanol e seus isótopos são os meios ativos mais ricos e

eficientesna geração de radiações laser na região FIR (infravermelho Longínquo) [4­5].
Junto a este crescimento de novas fontes laser FIR, avanços também ocorreram no
desenvolvimento de novas técnicas de espectroscopia a alta resolução, tais como:
Espectroscopia a Transformada de Fourier, de Absorção e Emissão Saturada,

Fotoacústica e Stark. Estas novas técnicas contribuiram para a obtenção de um grande

número de dados, associados tanto à absorção quanto à emissão laser, e,

consequentemente, a um maior conhecimento espectroscópico destas moléculas.

Nos últimos anos, com o desenvolvimento tecnológico dos espectrômetros a

Transformada de Fourier, espectros contínuos varrendo regiões desde o visível até o

infravermelho longínquo, com resoluções há pouco tempo não imagináveis, têm sido

medidos. Como exemplo, o espectrômetro da Bruker da Universidade de Giessen,

Alemanha, fornece espectros contínuos do IR ao FIR, a uma resolução de 2 103 cm.

A disponibilidade destes espectros contínuos a alta resolução tem permitido o

desenvolvimento de trabalhos sistemáticos de “assignment” (identificação dos números
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quânticos dos níveis de energia envolvidos numa transição) e, consequentemente, a

identificação de um número muito grande de linhas de absorção destas moléculas. Este

tipo de trabalho tem dispertado fo) interesse dos Astrofísicos, uma vez que foi detectada
a presença do metano! na região interestelar, especificamente na constelação de Orion

[6]. Desta forma, a disponibilidade de um maior número de transições identificadas do

metanol e seus isótopos, na literatura, é imprescindível para a interpretação e a

identificação dos espectros IR e FIR, oriundos do espaço interestelar

Neste trabalho, descrevemos os procedimentos utilizados na análise sistemática

de espectros de absorção a Transformada de Fourier, a média e a alta resolução, de

moléculas tipo metanol e, resultados associados a nossa contribuição no trabalho de
“assignment” de transições IR e FIR do metanol (CH3OH) e do isótopo 19CH3OH. Este
trabalho envolve a colaboração de grupos de outras 4 universidades: Universidade de

Campinas, Grupo de Lasers e Aplicações do Departamento de Eletrônica Quântica do

Instituto de Física “Gleb Wataghin"; Università di Pisa (grupo GNSM), Pisa ­ Itália;

Justus Liebig University of Giessen ­ Germany; University of New Brunswick,

Fredericton, New Brunswick ­ Canadá. A implantação deste tipo de análise, aqui no

Brasil, viabilizou­se através dessa colaboração interinstitucional e da oportunidade que

tivemos, durante o curso de doutorado, de trabalhar, durante um período, com o grupo

pisano.
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CAPÍTULO |

ASPÉCTOS TEÓRICOS

Para um melhor entendimento dos resultados obtidos no trabalho desenvolvido,

faremos, neste capítulo, uma breve descrição sobre a molécula metanol, o modelo

téorico mais completo que fornece as energias dos níveis vibro­roto­torsionais, as

regras de seleção e representação dos níveis de energia. No próximo capítulo,

descreveremos o procedimento utilizado na investigação de espectros de absorção de

moleculas tipo metanol.

A MOLÉCULA TIPO METANOL
"

O metano! é uma molécula levemente assimétrica, composta de 6 átomos, cuja
estrutura de equilíbrio é apresentada na figura 1.1. Ela tem 12 modos vibracionais e

apresenta um grau de liberdade interno de rotação. O grupo hidroxílico (O­H) tem três

posições de igual energia, com respeito ao grupo metílico (CH3). O grupo O­H pode

rodar em torno do eixo de quase simetria da molécula, cuja rotação está sujeita a uma

barreira de potencial (figura 1.2), triplamente degenerada, com altura aproximadamente

de 380 cm1, no estado vibracional fundamental. O potencial de impedimento surge

devido à interação entre os átomos de hidrogênio do grupo metílico e o hidrogênio do

grupo hidroxílico. Este grau de liberdade de rotação interna impedida (torsão) faz que a

molécula apresente um rico e complexo espectro rotacional. A molécula também

apresenta consideráveis componentes de dipólo elétrico permanente, tanto

paralelamente (uh, = 0.9 Debye) quanto perpendicularmente (un, = 1.4 Debye) ao seu
eixo de quase simetria. Como consequência da existência do grau de liberdade interno

e das componentes de dipólo elétrico, as regras de seleção são menos restritivas,

quando comparadas, por exemplo, a moléculas do tipo “pião simétrico”.
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Fig. 1.2: Potencial de Impedimento, V, = 380 cm".

o

Fig. 1.1: Estrutura de equilíbrio do metanol (CH;OH).

MODELO VIBRO­ROTO­TORSIONAL
”r

O “modelo mais completo existente para o cálculo da estrutura de níveis de

energia vibro­roto­torsional de moléculas tipo metanol foi desenvolvido durante vários

anos, com notável contribuição dada por Dennison [7,8] e Lees [9], e seus respectivos

colaboradores.

Neste modelo, a Hamiltoniana de ordem zero é escrita como a soma de três

Hamiltonianas, Hd; +H?+H,,, que descrevem as contribuições de três tipos de

movimento molecular: rotação da molécula por inteiro; rotação interna impedida ou'

torsão; e, vibração pura. Efeitos devido à leve assimetria da molécula e à distorção

centrífuga associada à rotação interna são considerados posteriormente e são tratados

como pertubação, usando as funções de onda de ordem zero como base para a sua

determinação.
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Os autovalores de energia da Hamiltoniana total, H = HI, + Hhs + H7 + Hyervibr são

dados por

vibrE(mK,J)' = Ely, + Ers +E? + Erer (1.1)

1­ Er = he(v+>)Vvior é a energia vibracional pura, onde v é o número quântico
vibracional e v,..., é a frequência de vibração, que é da ordem de 1000 cm! para o

modo vibracional C­O stretching.

B+C7 )Kº =D, +D] ­DeIO+DIK­DiKk*? é a.2­ Ed, = (B+ OL +DJ+(A­
energia de um rotor simétrico rígido, onde J é o número quântico momento angular

rotacional e K sua componente ao longo do eixo de quase simetria da molécula. A, Be

C são constantes efetivas de rotação e são funções dos momentos e produtos de

inércia da molécula [8]. Os termos de coeficientes Dy, Djk e Dxkk representam a

distorção centrífuga à rotação externa.

3­ Ed =F(P)+>V01­cos3y) é a energia associada à torsão, ou seja, à rotação
interna impedida, onde ( >) indica o valor médio; P, é o momento angular torsional

canonicamente conjugado; e, F é uma constante efetiva de rotação, que também é

função dos tensores de inércia da molécula [8]. Os autovalores de E. dependem de

três número quânticos (n, 1, K), onde n é o número quântico que mede a torsão. O

número quântico + tem três valores (1, 2 e 3) e surgem da natureza de tripla simetria do

5
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potencial de impedimento. Este potencial pode ser expandido em uma série de Fourier

em 37, onde y é o ângulo que mede a rotação do grupo hidroxílico. O potencial pode ser

aproximado a expressão V, = V,(1­cos3y).Y 3 Y

Uma outra forma de representar os valores do número quântico + é “batizando”

estes valores pelas espécies do grupo de ponto C3 (A, E, e Es). A relação entre estes

dois equivalentes sistemas de representação é dada por

THK=3N—E,
THK=3N+1>3A

THK=3N+2­>E,

onde N=0,1,2,....
Í
Hd

4­

UEnem = 7 Vs (1 cos6y + G[JUS + DIKP2)+L,[J(I + DIK(P, ) +
kK(PB, )+ EK (PA)+A KID?)+ ka (BA) +k.K (1— cos3y )+
keK(P, (1— cos37 )) + k, K(P? (1— cos3y )) + EF, [J(J+ D](1—cos3y )J+ AE
é a energia associada aos efeitos de pertubação, devido à distorção centrífuga

torsional, à distorção centrínfuga da barreira de potencial, ao desvio do potencial de

uma senóide perfeita e à assimetria da molécula. k, a k; são as constantes empíricas

de Kirtimam [10], e AE mede o “spliting" que ocorre devido a assimetria da molécula. A

assimetria somente remove a degenerescência de estados A, dando origem a dupletos

K, como no caso de um rotor simétrico. A degenerescência entre estados E, e E5 não é

removida, porque a hamiltoniana não contem elementos que conectam estados

FS
AVAVAY

1 2 3 4 5 6 7 unesp 12 13 14 15 16 17 18



pertencentes a simetria diferentes. O “spliting” entre membros de um dupleto K

aumenta com J de acordo com:

p= U+K)!STO FIO +DTÕEO] (1.2),

mas os coeficientes S(K) e T(K) caem rapidamente com o aumento de K. Para

distingúir os membros de um dupleto, Ivash­Dennison [7] os convencionou por + e —.

«

—  anlertormeule
4Se as quatros expressões das energias, agimra descritas, forem substituidas na

equação 1.1, os autovalores de energia para a molécula metano! serão dados por

E(ntK,I)% = EV, + W'(ntkK) + B'(ntK)[J(J+D]­D"(ntK)NII+DP+AE(K,D) (1.3)

Para a utilização desta equação, que fornece as energias vibro­roto­torsional, é
necessário o conhecimento prévio de quase 20 parâmetros moleculares para cada

estado vibracional. A precisão do espectro gerado por (1.3) é extremamente boa para

números quânticos baixos (J<10). Isto ocorre devido ao fato de as constantes

moleculares disponíveis mais precisas terem sido avaliadas a partir de dados

experimentais, na região microondas, onde as transições envolvem somente momentos

angulares baixos. Por outro lado, certos tipo de interações ­ tais como as ressonâncias

de Fermi e de Coriolis, que são observadas nestas moléculas ­ não são consideradas

neste modelo.

Vale ressaltar que este modelo, apesar de sua precisão, tem sido eficaz e muito

utilizado para a identificação de linhas de emissão laser FIR, principalmente quando as

transições ocorrem entre dois estados rotacionais, pertencentes ao estado torsional
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fundamental e pertencentes aos mesmos estados vibracionais. A sua utilização torna­

se dificil, quando se deseja analisar linhas de absorção ocorrendo entre estados

vibracionais diferentes, ou mesmo, entre estados torsionais diferentes dentro do

mesmo estado vibracional.

REGRAS DE SELEÇÃO

Como moléculas tipo metanol têm componentes de dipólo elétrico permanente,

tanto paralela quanto perpendicular ao eixo de quase simetria, as transições de dipólo

elétrico podem ser classificadas como:
O
í
+
)

”

"

Transições tipo­a:
AJ=­1,0,1

Transições tipo­b:

AJ =­1,0,1 AK=+1 An = qualquer

Transições de ambos os tipos só podem ocorrer entre estados de mesma

simetria A, E, ou E,. Para transições envolvendo níveis desdobrados A* e A”, existe

uma regra adicional [9] para a convenção das componentes do dupleto.

laJl=1e |AK|l=0,1
lall=0e |JAKÍ|=0,1
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NOTAÇÃO UTILIZADA PARA OS NÍVEIS DE ENERGIA

Uma vez que transições só podem ocorrer entre estados pertencentes a mesma

espécie de simetria A, E; ou E», os números quânticos envolvidos em uma transição

particular são convenientemente representados pela notação

(n",K",J"Y” Symm > (n',K',J')*

onde as quantidades (') referem­se ao estado superior da transição e as quantidades (”)

referem­se ao estado inferior. Como mencionado anteriormente, v, n, J e K são,

respectivamente, os números quânticos vibracional, torsional, momento angular e sua

componente ao longo do eixo de quase simetria da molécula. Symm representa a
"|
,

espécie de simetria A, E, ou Es, comum aos níveis inferior e superior da transição.

Seguindo recomendação de Lees [11], ambas simetrias, E, e Es, são “batizadas” por E,

designando valores de K positivos pertencente à simetria E, e por K negativos,

pertencente à simetria E5. Na identificação das linhas afetadas por K­doubling, um sinal

— Ou +, de acordo com a convenção de Ivash­Dennison [7], é colocado em seguida ao

valor de K dos estados inferior e superior.
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CAPÍTULO 2

PROCEDIMENTO DE “ASSIGNMENT” UTILIZADO NA INVESTIGAÇÃO DE
ESPECTROS CONTÍNUOS A TRANSFORMADA DE FOURIER

O “assignment” de linhas de absorção por comparação das frequências

experimentais com as calculadas (obtidas através da equação 1.3), é dificil e muitas

vezes impossível de ser obtido, particularmente para transições envolvendo números

quânticos rotacionais altos (J>10), números quânticos torsionais n>2, excitações

simultâneas de vibração e torsão. Isto ocorre devido à falta, pelo menos até o

momento, de um programa computacional capaz de diagonalizar completamente a
í

Hamiltontana do metanol. Desta forma, de acordo ao modelo descrito no capítulo

anterior, os estados vibracionais diferentes são tratados separadamente,

diagonalizando primeiro a Hamiltoniana de rotação interna, considerando a molécula

como um rotor simétrico e usando parâmetros moleculares dependentes do estado

vibracional. Em seguida, adiciona­se a energia de rotação total e trata­se os efeitos de

assimetria e de distorção centrífuga por métodos de pertubação. Consequentemente,

interações entre níveis pertencentes a diferentes estados vibracionais, tais como

ressonância de Fermi e de Coriolis [12,13], não são levadas em consideração.

No entanto, a precisão computacional do modelo vibro­roto­torsional é

extremamente boa para números quânticos baixos. Esta boa precisão pode ser

explorada para o desenvolvimento de grupos de níveis de energia que compartilham os

mesmos números quânticos (v, n, Ke Symm), exceto J, em série de Taylor em [J(J+1)],

proposto independentemente por Henningsen [14] e Picket [15], como

E(q,1) = San (a) +07+ CAE
= 2a =P+II+DVDT(K] (21)
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onde q contem todos os números quânticos comuns (v, n, Ke Symm). Os têrmos S(K)

e T(K) descrevem o “spliting” devido à assimetria, que está presente somente em níveis

pertencentes a simetria A.

No procedimento, a idéia é a de identificar, separadamente, grupos de linhas

com níveis superiores compartilhando os mesmos números quânticos (v, n, K) e

níveis inferiores compartilhando os mesmos números quânticos (v", nº, K”). Para iniciar

o trabalho de “assignment” de espectros de absorção a Transformada de Fourier de

uma molécula tipo metanol, utiliza­se linhas identificadas, envolvendo baixos valores de

J. Essas linhas foram obtidas por simples comparação entre espectro calculado e

experimental. O espectro calculado é gerado através do modelo vibro­roto­torsional,
À
À
)

apresentado no capítulo anterior, uma vez que ele se ajusta bem para baixos valores

de J. Um programa computacional, chamado aqui por “fit”, faz então a primeira

estimativa dos coeficientes ar (bem como S(K) e T(K), quando necessário). Nesta

avaliação, o programa, através do método do mínimo quadrado para os níveis

inferiores e superiores, procura os melhores valores dos coeficientes que levam a um

melhor ajuste com o espectro experimental. Quando disponível, a frequência de

transições identificadas na região microondas também são inseridas no programa para

primeira avaliação dos coeficientes de Taylor. A partir dos valores dos coeficientes

avaliados, o programa extrapola novas frequências de transições, com valores de J

imediatamente maiores, as quais são procuradas no espectro experimental. Quando as

linhas extrapoladas são encontradas, suas frequências são então introduzidas no

programa, juntamente com aquelas previamente usadas, para que seja aumentada a

precisão dos coeficientes da expansão. O procedimento, então, se repete

11
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iterativamente. O ajuste é realizado simultaneamente com transições dos ramos P, Q e

R (AJ = ­1, O e 1, respectivamente), formando automaticamente “loops” fechados de

transições, assegurando um “assignment” de alta confiabilidade. Como exemplo de

formação de “loops”, a figura 2.1 abaixo, mostra todas as transições permitidas entre

níveis rotacionais de dois níveis torsionais (n e n+1) diferentes. Vários “loops” são

formados, e as frequências das transições envolvidas em cada “loop” satisfazem uma

combinação de energia (no “loop” a'cd', ' = d'­ a”). Note que cada nível rotacional

participa de várias transições, levando, desta forma, a uma melhor determinação de

sua energia e, como consequência, a um melhor “assignment” das transições

envolvidas.
y
)

”

r

Transições:

J­l

Fig. 2.1: “Loops” de transições permitidas. As linhas a pertencem ao ramo Q (AJ=0), K>K+1; be c ao ramo
R (AJ=1), K>K; d ao ramo R, K>K+1; e ao ramo P (AJ=­1), K>K+I1.
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A MATRIZ “FIT”

A frequência de uma linha correspondente a um transição, ocorrendo entre os

estados |q'J) e q”), é

vg q) = E(q ID) = E(QUI)

viga= 2 anlaS OD = Lana "O4DO (22)m=0

onde os têrmos associados ao K “spliting” (segundo têrmo de 2.1) não foram, aqui,

levados em consideração, somente para simplificar os próximos equacionamentos.

Se estamos fazendo o “fit das transições que ocorrem entre os grupos de níveis

“batizados” pelo conjunto de números quânticos q1, d2, da, ..., dog, podemos construir o
”

vetor

a= (a9(qg1) ­.as(q1),99(92),­­As(92),­.A0(Ag)>­­sAs(Fg))

que contem todos os coeficientes de Taylor participando do "fit", com seus elementos.

Para cada transição entre os níveis |q'J”) e |q"J”), podemos construiur o vetor

—

f(9'3',9"3)=(0,...,0,1,3'(J+D,..[3 4+DÉ, O0,...,0,­1,23"(14+D,.., [JU O4+DPO,...,0)
=> —

de maneira que o produto escalar a. f seja igual a frequência calculada (2.2). Assim,

a equação (2.2) pode ser reescrita como

v(i) = 2 fa; (2.3)
J

onde i está associado à i­enésima linha, e o índicejvarre sobre todos os parâmetros. O

> —>

vetor à é o mesmo para todas as linhas, e o vetor É é particular para a i­enésima
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—

linha. Os elementos do vetor a, isto é, os coeficientes de Taylor para todos os grupos

de níveis participando do "fit", são determinados de maneira que a expressão

Y (2.4)

b ex2. 2.;5(Da; —vxí=21
i E

atinja seu valor mínimo. Na equação (2.4), vi*P é a frequência experimental da i­
enésima linha. Assim, nesta condição devemos ter

ox”
—— = O para qualquer «, isto é
Oa

K

250; Yen, £ (1) O
Í E;

2X

Isto leva a

>50(1) ­ x 20«(Dve; e;>

fSOMEGOOa;J ei e2a 2
2ajFx =

J

onde o elemento de matriz Fj é

E0(1)E;
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e o elemento b,. é

fi)pb.=x
i E;

A equação (2.5) gera um conjunto de N equações lineares com N incógnitas,

onde N é o número total de coeficientes de Taylor.

O PROGRAMA COMPUTACIONAL

O programa computacional está escrito em linguagem C, com algumas funções

em linguágem Assembler 386/387, e pode ser rodado em um computador compatível
”

IBM­AT, operando no sistema DOS. O programa foi desenvolvido pelo Prof. Giovani
Moruzzi, do grupo pisano, que tem, nos últimos anos, realizado várias modificações no

mesmo, no sentido de agilizar o trabalho sistemático de "assignment".

O programa intitulado "fit" ajusta, simultaneamente, os coeficientes de Taylor de

até 60 grupos de níveis usando até 30000 linhas experimentais identificadas. Uma das

modificações importantes realizadas neste programa "fit" foi a introdução de uma rotina

que ajusta a linha de absorção experimental com a soma de duas ou mais (até 10)

funções "sinc" ou Lorenztiana ou Gaussiana, de largura, posição e amplitude variáveis.

Quando uma linha extrapolada pelo programa coincide com linhas experiementais

superpostas, não resolvidas pelo espectrômetro, a rotina permite a determinação das

frequências das linhas superpostas. Desta forma, a frequência experimental introduzida

no programa para ajuste dos coeficientes de Taylor é bem mais próxima daquela

extrapolada pelo programa. Como exemplo, a figura 2.2 mostra linhas experimentais
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superpostas (representada por e), as quais não foram resolvidas devido ao limite de

resolução do espectrômetro. Consequentemente, o "peak­finder" define como sendo

uma só linha e fornece somente a frequência da linha de maior intensidade (da

esquerda). Uma linha extrapolada pelo programa tem frequência mais próxima à linha

experimental da direita, e a frequência experimental disponível (da linha da esquerda)

está muito longe da verdadeira. Neste caso, com a rotina foi feito um ajuste teórico

destas linhas experimental superpostas, com 3 funções "sinc" (curvas pontilhadas),

cuja soma está representada pela curva contínua, a qual se ajusta perfeitamente à

curva experimental. Ressalta­se que a curva experimental também é contínua, mas foi
aqui representada por pontos discretos somente para distingúi­la das demais. Após o

4

ajuste, a rotina fornece a frequência dos máximos das três funções. Desta forma, esta

rotina coloca as linhas superpostas à disposição para análise, com praticamente a

mesma precisão das linhas isoladas (resolvidas pelo espectrômetro).

MÉTODO DE RYDBERG­RITZ

No procedimento acima, a avaliação dos coeficientes de Taylor (bem como de S

e T, quando necessário) é feita através de um ajuste por mínimo quadrado das linhas já

identificadas. Estes coeficientes então são usados para determinar as energias dos
níveis envolvidos nas transições identificadas e, por extrapolação, para as energias de

outros níveis com J sucessivos. |sto permite predizer as frequências
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Fig. 2.2: Ajuste teórico (linha contínua) de uma linha experimental (e) com três funções “sinc” (linhas
pontilhadas).

correspondentes a novas transições entre os níveis avaliados ou extrapolados. Este

procedimento tem funcionado bem, quando uma série de transições (compartinhando

os mesmos números quânticos, exceto J) ocorre entre grupos de níveis não

pertubados. A maioria das sequências de níveis "pertubados" (por ressonância de

Fermi e/ou por interação de Coriolis) não se comportam bem na expansão [J(J+1)], e

isto muitas vezes impossibilita seguir a sequência de linhas até valores altos de J.

Estas dificuldades levaram ao desenvolvimento de um novo programa computacional

de "assignment" (desenvolvido pelo Prof. Moruzzi) [16], intitulado "RITZ", onde as

energias dos níveis conectados pelas transições identificadas não são aproximadas

pela expansão de Taylor, mas sim diretamente pelo princípio de combinação de
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Rydberg­Ritz. As energias dos níveis envolvidos nas transições já identificadas, pelo

método anterior, são calculadas encontrando o conjunto (E;) que minimiza a expressão

(E;­Ej­ vi)”
(2.8)

onde E; e E; são as energias dos i­enésimo e j­enézimo níveis da molécula,

respectivamente; vj; é o número de onda experimental; e, tj é a precisão experimental
para a transição lj) —> [i). Este novo procedimento fornece valores muito mais precisos

para as energias dos níveis (precisão da ordem de 104 cm!) e, assim, permite uma
imediata "identificação de novas transições ocorrendo entre grupo de níveis já
identificados. As frequências extrapoladas ainda são geradas pela expansão de Taylor,

ou extrapolação parabólica, somente para predizer transições, conectando um novo

nível, até então não envolvido em qualquer transição já identificada. Uma das grandes

vantagens deste novo programa "Ritz" sobre o "fit" é que, com ele, é relativamente fácil

seguir uma série de transições envolvendo grupo de níveis pertubados, cuja série não

tem comportamento usual de uma expansão [J(J+1)].
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CAPÍTULO 3

DETALHES DOS ESPECTROS

Para o trabalho sistemático de "assignment", com o procedimento descrito no

capítulo 2, tem­se utilizado espectros contínuos de absorção a Transformada de

Fourier a alta resolução (2 103 cm­1). Simultâneamente a esta investigação, análises

também foram feitas utilizando espectros de absorção a Transformada de Fourier de

média resolução (0.12 cm­1!) e espectro discreto a Laser a Diodo, a alta resolução

(2 10­38 em­)).
O

MOLÉCULA BCH;OH

Os espectros a Transformada de Fourier com 2 10­3 cm! de resolução foram

obtidos num espectrômetro Bruker do Physikalisch Chemisches Institut da

Universidade de Giessen, Alemanha. Fonte e detector utilizados foram,

respectivamente, lâmpada de Mercúrio e Bolômetro de Si a 4.2 K. A calibração dos

espectros foi feita utilizando como referência linhas de HO, de Guelachvili e Rao [17].

A amostra foi mantida a uma pressão de 0.14 mbar (14 Pa ou 100 mTorr), para a

região de 25 a 135 cm], e 0.19 mbar (19 Pa ou 140 mTorr), para a região de 100 a

350 cm­1. O comprimento do caminho óptico na amostra é de 300 cm. Como função

de apodização utilizou­se a Boxcar, para o espectro de 25 a 135 cmi, e a

Trapezoidal, para o de 100 a 350 cm­1. A figura 3.1 mostra uma parte do espectro

obtido com este espectrômetro.
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Fig. 3.1: Parte do espectro de absorção a Transformada de Fourier, a resolução 2 10º em”, da
molécula "CH;OH.

O espectro a Transformada de Fourier com resolução 0.12 cm* foi obtido num

espectrômetro Nicolet 60SXB do Instituto de Química da Unicamp. Como função de

apodização usou­se a Boxcar, tendo e a amostra se mantido a uma pressão de 2 Torr,

na temperatura ambiente. O caminho óptico na amostra é de 10 cm. Com esta

resolução, foi possível resolver a banda vibracional C­O stretching (fig. 3.2). O

espectro do 13CH3OH (fig. 3.2a) indica uma contaminação com 12CH;3OH, devido ao

grau de pureza da amostra, a qual foi eliminada (fig. 3.2b) através de "software",

fazendo­se a subtração entre espectro do 13CH3OH contaminado e do 12CH;3OH.

Um espectro discreto (contínuo somente dentro de cada banda de emissão

do laser a diodo) varrendo a região da banda vibracional C­O stretching foi obtido

num Espectrômetro a Laser a Diodo da Spectra Physics, modelo SPS5OOO, com uma
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Figure 3.2 ­ Espectro a Transformada de Fourier de 0.12 em"! resolution. Mostra a estrutura P, Q, and R(J)
esperada da banda C­O Stretching, associada a regra de seleção AJ=­1, O, +1, característica de uma banda
paralela. (a) ­ Indica a contaminação com o CH;OH normal. (b) ­ Espectro Infravermelho de absorção do
1CH;OH.
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cela de multiplas passagens, modelo LO3, do IEAv de São José dos Campos. À

resolução deste espectro é de aproximadamente 2 103 cm". A amostra foi

mantida a pressões menores de 100 mTorr e o caminho óptico usado foi de 417

cm. A calibração absoluta para cada região do espectro foi feita registrando

simultaneamente o espectro do 13CH3O0H (pressão de 1 Torr em uma cela de 16

em de comprimento) com espectro de linhas conhecidas do CO, e/ou NH3 (pressão

de 1 Torr em cela de múltiplas passagens). A figura 3.3 mostra um espectro do

Laser a Diodo, em torno de uma de suas bandas de emissão.

|
|)

1018.0064 1018.4517

Fig. 3.3: Espectro a Laser a Diodo a resolução 2 x 10º em”.
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MOLÉCULA CH;OH

O espectro de absorção completo do CH3OH, de 30 a 1200 em­1, foi medido no

espectrômetro Bruker do Physikalisch Chemisches Institut da Universidade de

Giessen, Alemanha. O espectro foi calibrado usando uma seleção de linhas de H,O,

nesta região [17]. A amostra foi mantida a uma pressão de 0.5 mbar (50 Pa ou 370

mTorr) e o caminho ótico foi de 284 cm. A resolução nominal (1/máximo da diferença

do caminho óptico) obtida foi de 0.0025 cm­1, o que dá um FWHM (Full Width at Half

Maximum) de 0.0015 cm1.
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CAPÍTULO 4

RESULTADOS E DISCUSÕES

Os resultados obtidos estão apresentados em 2 partes: a primeira trata do

trabalho sistemático de “assignment” com espectros de absorção a Transformada de

Fourier a alta resolução, das moléculas CH;yOH e **CH;OH; enquanto a segunda trata

da determinação do número quântico momento angular J dos multipletos principais,

n=0, dos ramos P e R do modo vibracional C­O stretching da molécula **CH;OH.

»

INVESTÍGAÇÃO SISTEMÁTICA DE “ASSIGNMENT”

Molécula BCH;OH

O trabalho sistemático de "assignment" de espectros a Transformada de Fourier

do **CH;3OH, utilizando o procedimento descrito no capítulo 2, foi iniciado em 1992, em

Ilha Solteira. Iniciou­se com o programa "fil" e, para a primeira estimativa dos

coeficientes de Taylor, utilizou­se linhas identificadas na região do microondas [18] e o

espectro teórico gerado pelo modelo vibro­roto­torsional, discutido no capítulo 1. Os

espectros analisados varrem a região de 25 a 350 cm”, cujas transições pertencem ao

estado vibracional fundamental (v = O). Assim, daqui para frente não utilizaremos mais

o número quântico v na notação dos níveis de energia.

Os resultados obtidos até o momento estão representados nos diagramas da

figura 4.1. Nestes diagramas, cada círculo representa um grupo de níveis

compartilhando os mesmos números quânticos (v,n, Ke Symm), exceto J. Os traços
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Fig.4.1: Diagrama representando grupos de níveis (círculos) compartilhando os mesmos números quânticos (Sim, v, n, K), exceto J. Os traços representam um
conjunto (séries P, QeR) de transições identificadas.O número dentro do círculo indica o máximo valor de J, obtido em uma das séries envolvendoo

m respectivo grupo de níveis.
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ligando os grupos de níveis representam um conjunto de transições identificadas,

ocorrendo entre grupos. Em cada conjunto, existem três, na maioria dos casos, séries

ou sequências de transições associadas aos ramos P, Qe R(AJl=­1,0e1,

respectivamente). Dentro de cada grupo, também existe série R de transições
identificadas, ocorrendo entre seus respectivos níveis. O número dentro de cada círculo

indica o maior valor do número quântico J, obtido em uma das séries identificadas

envolvendo o respectivo grupo de níveis. A figura 4.2 exemplifica bem o que vem a ser

uma série ou sequência de transições compartilhando os mesmos números quânticos,

exceto J. A série Q de transições ocorre entre os grupos de níveis (0,­9,J) e (0,­10,J)E,

cujas transições identificadas se diferenciam somente pelo valore do número quântico J

(o valor de J para cada transição desta série encontra­se descrito na parte superior da

figura).
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Fig. 4.2: Série Q de transições entre os grupos de níveis (0, ­9,J))>(0, ­10,5)E.
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Até o momento, identificamos cerca de 13.500 transições de absorção (listagem

no anexo B), sendo que destas, 5.500 pertencem à simetria A e 8.000 à simetria E.

. . . a a . "..
­.

Todas as linhas identificadas contêm frequências na região de 25 a 350 cm e

pertencem ao estado vibracional fundamental, v=0. Como pode ser visto na figura 4.1,

a maioria das séries identificadas é associada a transições com An = 0 e 1. A maioria

o As ; Too " ;das transições com An>1 tem frequências maiores que 350 cm (ainda não dispomos

de espectros acima desta frequência).

Acidentalmente, devido à assimetria da molécula dois grupos de níveis poderão

possuir energias muito próximas, provocando assim pertubações como ressonância de

Fermi. Este tipo de pertubação foi observada, pela primeira vez, no CD;OH, por Weber­

Marker [12] Como consequência desta mistura de níveis, há o favorecimento da

ocorrência de transições "proibidas", as quais não são previstas pelas regras de

seleção. Em nossa investigação, observamos a mistura de energia de grupos

pertencentes à simetria A, que são:

1­ os níveis (0,9,1)A e (1,5,J)A, cuja mistura já tinha sido observada por Mukhopadhyay

[19]. Os níveis do estado torsialmente excitado (1,5,J) estão muito próximos dos níveis

do estado torsional fundamental (0,9,J). Para J baixos, as energias do (1,5,J) iniciam­se

acima das energias do (0,9,J). As duas séries de níveis convergem e cruzam em J=18

(figura 4.3). Mukhopadhyay observou que a perturbação somente ocorre para valores

de J próximos de 18. Isto ocorre pelo fato de tratar­se de uma perturbação envolvendo

níveis pertencentes a estados torsionais diferentes e com valores de K diferenciado de

4 (pertubação AK=4) [19]. Mukhopadhyay, devido a esta perturbação, não conseguiu

identificar transições pertencentes a séries envolvendo estes dois níveis, com J>18. Em
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nossa análise, com o programa "fit", encontramos também dificuldades em avançar na

identificação de transições com J>18. Com o programa "Ritz", conseguimos avançar

além de J=18, para todas as séries envolvendo os dois estados, como mostra a Tabela

1. Para a mistura destes dois estados, não observamos nenhuma série de transições

"proibidas".

TABELA 1

Transições Mukhopadhyaye cut Nossos Resultados

Ma)

(Nn,K)—>(n,K') Séries Jmáx Séries Jmáx

(0,8)—>(0,9) 28 P,Q,R 36

(0,9)—>(0,10) 27 P,Q,R 37

(0,9) (1,8) 15 P,Q,R 30

(0,9)>(1,9) * P,Q 27

(0,9)>(1,10) POR 34

(0,4)>(1,5) P,Q,R 30

(0,6)(1,5) POR 30

(1,4) >(1,5) P,Q,R 30

(1,5) >(1,6) RQ 30

(1,5)>(2,4) 30

* Série de Transições "Proibidas"
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A figura 4.4 é um ótimo exemplo para mostrar o efeito provocado no espectro,

devido à perturbação. Esta figura mostra uma série de transições Q ocorrendo entre os

níveis (0,9,J)A e (0,10,J)A. Como afirmado anteriormente, a perturbação nos níveis

(0,9,J) e (1,5,J) ocorre em torno de J=18. Note que houve um aumento considerável no

espaçamento entre as linhas de absorção associadas a J=17 e 18. Dentro de uma

mesma série, o crescimento do espaçamento entre linhas de absorção consecutivas

segue uma parábola. A perturbação quebrou esta tendência de variação do

espaçamento entre linhas consecutivas, dificultando, desta maneira, o prosseguimento

na identificação com a série de Taylor.
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Fig. 4.4: Série Q de transições entre os grupos de níveis (0,9,]) > (0,10,J)A. O grande espaçamento entre as
linhas J=17 e 18 é devido à perturbação que ocorre entre os grupos de níveis (0, 9,J) e (1, 5,J).

2­ As novas misturas observadas envolvem os níveis (1,4,J)­(1,6,J)A e (1,8,J)­(1,9,J)A.

Os gráficos da diferença de energia entre níveis misturados em função de J mostram

que, nestes dois casos, não ocorre o cruzamento. Apresentamos, na figura 4.5, Oo
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gráfico envolvendo energias dos níveis misturados (1,4,J) e (1,6,J). Este fato, de não

haver o cruzamento, indica que a perturbação ocorre para todos os valores de J, não

provocando, desta forma, aquela quebra na sequência do espaçamento entre linhas de

uma mesma série que ocorreu no caso anterior (item 1), entre J=17 e 18. Outra

confirmação deste fato é que não tivemos dificuldades na identificação de todas as

séries envolvendo estes dois grupos de energia. Para estas novas misturas,

observamos e identificamos séries de transições proibidas com AK=2 e AK=3

(Tabela 2). Como estas transições não são privilegiadas, ou seja, não são previstas

pela regra de seleção, espera­se que transições pertencentes a estas séries

apresentem intensidade baixa. De fato, isto ocorre, e, como exemplo, mostramos, na

figura 4.6, uma série Q "proibida" ocorrendo entre os níveis (0,9,J)A e (0,10,J)A.

TABELA 2

Perturbação Níveis Transições Proibidas
Misturados

AK (n,K)symm (n,K) Séries JImáx

(1,8),A4 e(1,9)A | (0,7)>(1,9) OR 26

(1,8)>(1,10) OR 30

(14)Ae(1,6)A | (1,6)>(2,3) PQ 31

(1,4)S(1,7) Q,R 30
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Fig. 4.6: Série Q “proibida” de transições entre grupos de níveis (1,6) (2,3) A.
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Os resultados obtidos com esta molécula foram apresentados em congressos

nacionais e internacionais (cópia no anexo A). Pretendemos, em breve, publicar no

Journal of Molecular Spectroscopy, os resultados obtidos na região de 25 a 100 em”.

Molécula CH3OH

A investigação dos espectros de absorção a Transformada Fourier da molécula

CH;OH vem sendo desenvolvida desde 1984 [20]. A maioria dos resultados, ou seja, a

maioria das linhas identificadas do espectro, foi obtida usando o programa “fit”.

Recentemente, foram publicadas [21] as linhas de absorção identificadas na região de

200 a 350 cm!. Aqui, apresentaremos os resultados obtidos na análise do espectro na

região de 350 a 950 cm” (vide, no anexo A cópia do artigo a ser enviado ao Journal of

Molecular Spectroscopy), que envolve transições ocorrendo entre níveis torsionalmente

excitados do estado vibracional fundamental, com An = 1, 2 e 3. Todo trabalho com o

programa “fit” foi revisto, utilizando o programa “Ritz”, visando a aumentar o número de

identificações e a precisão na determinação dos níveis de energia.

Na análise do espectro de 350­950 cm"), um pouco mais de 9700 linhas de

absorção do CH3O0H foram identificadas (lista disponível em disquete). O programa

determinou as energias de 2768 níveis pertencentes à simetria A e de 4133 níveis

pertencente à simetria E. Todas as linhas de absorção identificadas até o momento (um

pouco mais de 35.000) estão contidas em dois arquivos correspondentes à simetria À e

E, cujas frequências vão do microondas até 1.100 em. Os resultados também podem

ser representados pelos diagramas da figura 4.7.
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Fig. 4.7: Diagramas, semelhantes a figura 4.1, indicando os grupos de níveis identificados.
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Como foi dito anteriormente, todo trabalho de "assignment" com esta molécula

foi revisado utilizando o programa "Ritz". Como consequência, foi possível

identificarmos as seguintes séries de transições "proibidas", todas pertencentes à

simetria E: (1,6,J) > (1,9,J), com o ramo Q em aproximadamente 98.1 em”: (1,5,J) >

(1,8,J), com o ramo Q em aproximadamente 115.3 cm”: e, (0,5,J) > (1,8,J), com o

ramo Q em aproximadamente 318.5 em”. Estas transições "proibidas" são devidas à

mistura AK = 2 entre os grupos de níveis (1,6,J) e (1,8,J). As energias calculadas pelo

programa "Ritz" são de 597.562 em”, para o nível |n=1, K=6, J=8), e de 599.571 em”,

para o nível |n=1, K=8, J=8).

DETERMINAÇÃO DE J DOS MULTIPLETOS PRINCIPAIS

Esta análise foi realizada simultaneamente ao trabalho sistemático de

"assignment" e, para isso, utilizamos o espectro a Transformada de Fourier a resolução

de 0.12 cm” e o espectro a Laser a Diodo, ambos varrendo a banda vibracional C­O

stretching.

A figura 3.2 (pg. 21), evidencia a esperada estrutura P, Q e R(J) do modo C­O

stretching, associada às regras de seleção AJ = ­1, 0 e 1, de uma banda paralela. Note

que os ramos P e R apresentam multipletos de absorção separados uns dos outros

(distância entre eles é da ordem de 1 cm ). Cada multipleto está associado a um valor

do número quântico momento angular J. O mesmo não ocorre com o ramo Q, que é à
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região mais densa e rica deste espectro. A determinação de J destes multipletos é

importante para o "assignment" de transições de emissão laser FIR.

Dependendo da análise que se pretende realizar com o espectro de absorção de

uma molécula tipo metanol, e da resolução deste mesmo espectro, podemos
; ; ; ­ " r

av
considerar os movimentos de vibração e rotação da molécula, com alegmas

aproximações. Como o distanciamento entre multipletos é da ordem de 1 cm ,

podemos utilizar, em primeira aproximação, a Hamiltoniana de vibração­rotação de uma

molécula tipo "pião" simétrico, para calcular os autovalores de energia da espécie

molecular CH,OH ("pião" assimétrico). Os autovalores de energia vibro­rotacional de

um rotor ("pião) simétrico [22] teriam somente o 10. e 20. termos da equação (1.1),

apresentada no capítulo 1. Devido a resolução do espectro utilizado para a

determinação de J, foi nos permitido considerar somente termos até 2a. ordem em

[J(J+1)], por serem mais significativos, e desprezar os termos de distorção centrífuga

associados a Djk e Dik. Desta maneira, a equação que fornece os autovalores

poderia ser aproximada a

Ev, = Evinr + BJ] +1)­ D,[JU +D] +(A, ­ B,)K?

A frequência de uma transição ocorrendo entre um nível rotacional (K",J") de um

estado vibracional inferior (V") e um nível rotacional (K,J') de um estado vibracional

superior (v') é dado por

EV
AVAVAY

1 2 3 4 5 6 7 unesp * 12 13 14 15 16 17 18 19



v=E,, ­ Ev, = AEvi, + B/3'(J'+D=Dy[V(S+DP+(A,­B,)K?­
B,J"(J"+D+Dy[I"(S"+D] (Ay = By)K"?

Como estamos investigando o espectro IR de absorção, as transições ocorrendo

entre estados vibracionais fundamental e excitado (C­O stretiching) obedecem às

regras de seleção de uma banda paralela do rotor simétrico. Neste caso, as transições

possíveis obedecem as regras AJ = ­1, 0 e 1 (ramos P, Qe R) e AK= 0. Como nestas

transições K não muda, na equação acima aparecerá um termo quadrático em K, cujo

coeficiente será (A, — Ay.) (By —By.)]. A variação de A e de B de um estado

vibracional para outro é muito pequena (ordem de centésimo de cm”) [23].

Consequentemente, o coeficiente de K será ainda menor, podendo assim ser

desprezado para a determinação de J dos multipletos principais (n=0), cujo

distanciamento entre dois consecutivos é da ordem de 1 cm . Desta maneira, as

frequências de transições pertencentes aos ramos P e R são dados por

vp = vo = (By, + B,)JJ"H+(B,— By D,+Dy)J2+2(D, + Dy)JU4+(­D, + D,)J"*

(­D, +2D,.)J"4+(—D, + D,)J"*

onde v, é origem da banda Q. B, e D, são as constantes efetiva rotacional e de

distorção centrífuga, respectivamente. Os valores de B, e D,y para os estados

vibracionais fundamental (v") e C­O Stretching (v) do “CH,oH, são dados por
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­6 ­1

= 1.6345 10 cm . Usando estes parâmetros moleculares, a equações acima podem

ser reescritas como

vp = vo = 1.579J"—0.009J"? +6.538­10 1"? (4.1)

vg = vo +1.588+1.579J"­0.009J"2­6,538­103 (42)
"|

com os resultados emem .

Ao realizarem o “"assignments", para transições laser FIR do “cH,oH [25],
Petersen e Henningsen estimaram estar a origem da banda Q em 1018.5 em”. Este
valor esta em bom ajuste com o valor de 1018.492 em”, obtido diretamente do espectro
do laser a diodo [26, cópia no anexo A]. Usando o valor experimental de 1018.492 em”,

para a origem da banda e as equações 4.1 e 4.2, foi possível calcular as frequências

dos multipletos P(J) e R(J), cujos valores estão na terceira coluna das Tabelas 3 e 4,

respectivamente. Na segunda coluna, reportamo­nos os valores experimentais

correspondentes à transição de maior intensidade dentro do multipleto associado a

cada J, utilizando o espectro do laser a diodo. Os ajustes podem ser considerados

satisfatórios,se considerarmos as aproximações incluídas nas equações 4.1 e 4.2. O

aumento da diferença entre valor calculado e experimental (quarta coluna das tabelas)

com o valor de J já era esperado e isso deve­se a dois fatores: aproximações contidas
em 4.1 e 4.2 e valores dos parâmetros que são bons para baixos valores de J. Este

último fator ocorre porque a maioria dos parâmetros disponíveis foi avaliada a partir de

dados na região microondas, onde as transições contêm baixos valores de J. Este

resultado foi comparado com "assignments" de transições IR e FIR, apresentados nas

referências 27 e 28, tendo mostrado um bom ajuste. Na figura 4.8, é mostrada a

numeração em J dos multipletos do modo C­O stretching.
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TABELA 3 ­ Ramo P

exp
(em!)

Veale
(em!)

VPeale exp
(em!)

1013.623
1012.018
1010378
1008.730
1007.080
1005.369
1003.647
1001.9511
1000.163
998.448
996.639
994.632
992.824
991.006
989.074
987.239
985.329
983.401
981.471
979.538
977.600
975.565
973.579

D
O

J
1

J
S

A
W

U
R

i
N

=—

1016.885
1015.260
1013.618
1011.958
1010.279
1008.584
1006.870
1005.139
1003.390
1001.624
999.840
998.038
996.219
994.383
992.530
990.659
988.770
986.865
984.942
983.002
981.045
979.071
977.080
975.072
973.047

­0.005
­0.060
­0.099
­0.146
­0.210
­0.230
­0.257
­0.327
­0.323
­0.410
­0.420
­0.249
­0.294
­0,437
­0.304
­0.374
­0.387
­0.399
­0.426
­0.467
­0.520
­0.493
­0.532

E
m

O
Z

P
O

N
Z

S
O

N
H

y
>

TABELA 4 ­ Ramo R

Vexp
(em!)

Pcale
(em!)

Peale Pexp
(om!)

DO
O

J
I
J
S

A
W

U
B

E
L

N
=

1022.996
1024.606
1026.068
1027.528
1028.979
1030413
1031.830
1033.280
1034.617
1035.947
1037.269
1038.593
1039.922
1041.219
1042.450
1043.658
1044.856
1045.966
1047.153
1048.256
1049.408
1050.519
1051.5556
1052.666

1021.652
1023.205
1024.740
1026.257
1027.755
1029.236
1030.698
1032.143
1033.569
1034.976
1036.365
1037.736
1039.089
1040.422
1041,738
1043.035
1044.313
1045.573
1046.814
1048.033
1049.240
1050.424
1051.590
1052.737
1053.866

0.209
0.134
0.189
0.227
0.257
0.285
0.313
0.289
0,359
0.418
0.467
0.496
0.500
0.519
0.585
0.655
0.717
0.848
0.880
0,984
1.016
1.071
1.181
1.200

974.6 989.2

Fig. 4.8: Numeração dos multipletos principais (n=0) das bandas P e R do modo vibracional C­O Stretching.

1003.8 1033.0
WAVE NUMBER (CM"»)
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CAPÍTULO5

CONCLUSÕES

Os resultados inéditos obtidos no período de agosto de 1992 até o momento,

embora não possibilitaram ainda um número maior de publicações, são de

fundamental importância para a consolidação da linha de pesquisa implantada no

Departamento de Ciências da Faculdade de Engenharia de Ilha Solteira ­ UNESP. O

trabalho sistemático de "assignment" em espectros de absorção a Transformada de

Fourier em moléculas tipo metanol, implantado em Ilha Solteira, é pioneiro no Brasil e

de interesse a outros grupos de pesquisa nacional e internacional, entre os quais

existe uma colaboração.

Com a molécula metanol (CH3OH), sobre a qual iniciamos nosso trabalho

iniciou­se já no curso de doutorado, temos identificado um pouco mais de 35000 linhas

de absorção, sendo que 8800 pertencem à região de 200 a 352 cm1 [21] e um pouco

mais de 9700 pertencem à região de 350­950 cm” (vide, no anexo A, cópia do artigo a

ser publicado). Transições "proibidas" foram observadas e identificadas, e, para a

maioria delas, foi possível conhecer o motivo de suas existências, embora não sejam.

previstas pelas regras de seleção. A precisa avaliação dos níveis de energia do estado

vibracional fundamental permite realizar a investigação de outros modos vibracionais

excitados, ainda não investigados.

A análise do espectros de absorção do isótopo 19CH3OH iniciou­se aqui em Ilha

Solteira e foi fundamental para a consolidação deste tipo de pesquisa no Brasil. Até o

momento, identificamos cerca de 13.500 transições de absorção pertencentes à região

41
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de 25 a 350 cm"! e ao estado vibracional fundamental, v=0. Transições "proibidas"

foram observadas e identificadas, todas pertencentes à simetria A, cuja origem é

devido à mistura de estados perturbados por ressonância de Fermi. Para uma melhor

avaliação dos níveis de energia já determinados é fundamental a obtenção de dados

espectrais na região acima de 350 cm1, que já estão sendo providenciados pelo

grupo alemão, com o qual mantemos uma colaboração.

Simultaneamente ao trabalho sistemático de "assignment", também foi possível

fazermos uma análise com espectros a Laser a Diodo e a Transformada de Fourier, a

média resolução, do modo vibracional C­O stretching. Como consequência desta

análise, foi possível determinarmos a numeração dos multipletos principais (n=0) dos

ramos P e R do modo vibracional C­O stretch (cópia da publicação no anexo À). Os

resultados serão importantes para futuros trabalhos de “assignment” de linhas laser

FIR do **CH;OH.
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ANEXO A

Trabalhos Publicados
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FOURIER TRANSFORM SPECTROSCOPY OF 13CH;OH

J.C.S. Moraesa, A. Scalabrinb, D. Pereirab, G. Moruzziº, F. Strumiaº, B.P.
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: p, We are starting an investigation of the infrared and far­infrared spectra
of isotope 13CH3OH by high­resolution (2 x 10­3 cm­!) Fourier Transform*O. Spectroscopy (FTS). This work is performed by an assienment programS SS Sã package based on a Taylor series expansion of the energy levels]. Up toSN Ã now, absorption spectrum between 21 and 350 cm­1 , which contain almost

RESET SS) 150000 absorption lines, were measured. The measurement were realized onVESSUIY S
the Bruker Fourier transform spectrometer at the Physical Chemistry Institute
of the University of Giessen.

Here we present our preliminary results for the region berween 21 and
130 cm], where more than 1000 lines have already been assigned. This work
às the result of the collaboration between research groups of four different
universities.
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Abstract: Our new “Ritz” program has been used [or revisiug and expauding the

assigument of Uhe Fourier trausform infrared and far­infrared spectrum of CH$;OH, This

program evaluates the energy level values involved in the assigned trausitious by the
Rydberg­ Rits combination principle, and eau tackle such perturbations as Fertui­type
resonances or Coriolis interactions, Up to now this program has evaluated the encergios

of 2768 levels belongiug to A­type sytmmelry, and of 1133 levels belonging to E­type

syumetry ol CHAO. Here we present tWhe assignnent of more han 9700 lines between
350 und 950 em !. CEhe Taylor expansiou coofllicients for evaluating tie encrgies ol

Lie levels involved ju the transitious are also given. Al of the linés presented in this

paper correspond to trausitious involving torsionally excited levels withiu the ground
vibrational state,

Key words: Far­infrated (FIR), spectra, metanol, CLLOH, torsiou, internal rotation,
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INTRODUCTION

We present our assignments of the CHOH Fourier trausform (FT) absorption

spectrum between 350 aud 950 cem º, which inuount to more Uia 9700 lines. Vhis
work concludes à lirst phase of the investigation of the FT spectrum of the parent

species of methanol, CH$OH. This first phase was mainly devoted to the assigument

of the transitions within the ground (small­amplitude) vibrational state, and between

the ground vibrational state and the first excited CO­stretehing state. "Fhe investigated

spectral region was in the wavenumber range between 30 and 1100 em !, Listings of

more than 21500 assigned far infrared (FIR) absorption lines of CIL;OH below 350

em”! (1­3), and of almost 3400 infrared (IR) absorption lines between 960 and 1100

em (4), these correspouding mainly to CO­stretebing trausitious, have already been

published. A book presenting all the known assiguments of "CH, SO between 30
and 1100 em”! is in preparation (5).

This study of the FT absorption spectrum of CH;OH is part of à systematic inves­

tigation of the IR­FIR spectrum of methanol and its isotopic species, which started iu

1984 with the compilation of à listing of about 1000 assigned lines of CH$OH between

8 and 40 cm! (6). In the frame of this same project, which juvolves the collabora­

tion of several research groups in different countries, we have recently published the

assigument of the absorption F'F spectrum of CD$O0H between 30 and 850 em 7!(7). In

this last work we introduced à new computer prograiu which evaluates the encrgies of

the involved levels by the Rydberg­Ritz combination principle, and can tackle without

difficulties such perturbationus as Fermi­type resonances or Coriolis interactions. “This

new program has been used in the present work also for the parent species CHOH,

Our assiguiments in the 350­950 ein7! region of CH;OH cover practically all the

absorption lines whose intensity is within a factor of about 0.07 (in absorbauce) of the

strongest lines in this region. These lines correspond to trausitions between torsioually

excited levels of the vibrational ground state, with An = 1,2 and 3.

While assigning the absorption lines in the 350­950 em! spectral region we

btave simultaneously reviewed our assiguments below 350 em”º!, ln particular, we

have identilied à mixing between the (n = 1,W = 6) and (n = 1,KW' = 8) levels

of E syumetry, which originates the following AK' = 3 “forbidden” line sequences:

(nun = LAN = 8) + (n = INK = 6) and

(n=1,N =8)e (n=U0,A = O).

EXPERIMENTAL DETAILS

As stated in previous works (2, 2), the whole absorption spectrum of CHHOH be­

Lween 30 aud 1200 em E has beeu measured on the Bruker Fourier transfortm spectrom­

eter at the Pliysiladisch Chemisches Tustitut of the Justus Liebig University of Giesseu.

Measurements at bipgher waventimbers are planned for the next future, in order to in­

vestigate other vibrational modes. “The specetrinu was calibrated using à selection of

the 110 lines iu this region from Guelachvili and Rão (8). À linear calibration, not

[orced to pass through the origin, was employed. The pressure was 50 Pa (0.50 mbar, or

0.37 Torr), aud the path length was 284 em. With à nominal resolution (1/(maximutn

optical path ditference)) of 0.0025 em 7º, which would give à full width at half maxima

(PWIHHM) of 0.0015 em 1, our line analysis routine measured FWIIMs between 0.0017

em lato 350 em 1, and 0.0039 em !atr = 950 em 4, indicating that the spec­

trum was at least partially self apodized by coltision broadening. (The Doppler width

(FWHNM) at 300 K varies between 0.00077 and 0.00208 em”! in this region).
'Phe on­line interactive line­analysis routine described iu Refs. (3) aud (9) has been

linked also to the new line­assigument program, and used for improving the resolution

of overlapping lines.

ENERGY LEVEL NOTATION

A general description of the methanol molceule and its Hamiltonian is given in

various sources, including Rets. (1) and (3) aud the references tierein. Here we shall

just review the notatiou for labeling the energy levels. Sinee transitions may euly

vceur between states belonging to the same symuetry species, À or E, the quantum

numbers involved in à particular absorption transition are conveniently represented by

the notation
”

o”(4, RT A e (n, KI) o (1)

where the primed quantities refer to tUhe upper state of the transition, aud the double

primed quantities to the lower state. The quantum number nv labels the torsional state,
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J is the total angular imomentuim and A its projection along the internal rotation axis.

The superscript é labels the vibrational state of the small­amplitude vibratious. Here,

v = GR, denoting the ground vibrational state is the only relevant label, since excited
vibrational states do not occur in the present FIR study. "Fhe label é stands for the

Symmetry species, À or E, conuunon to the upper and lower level of the transition. Since

Ref. (2) we have switched to the convention of labeling both E­synunetries by E, às

recommended by Lees in 1973 (10), denoting by positive K' values the states formerly

denoted by Ey1, and by negative K' values the states formerly denoted by Ez. “Vhis
notation is now well established, aud we stick to it in the present work.

ln the assignments of A­syinmetry lines affected by asymmetry doubliug, a + or —

superscript follows the À value of the upper and lower state in our listing. This +/—
sign follows the convention by Ivash and Dennison (11), which we recalled in Ref. (3).

Thus, iu the text, levels will be represented by the following ket notations

[A,n, WE) aud [E,n,tKJ)

where A or E labels the synmmetlry species, and the quantum number » is omitted

because only levels of the ground vibrational state (vo = O) have been investigated in
the present work. rausitious will be represented by the notations

(0, RE) e (A RUELIM)A and (n/, +87) e (0º, 4 RTUIT)E, (3)

Level sequences, 1e., sets of levels sharing all the quantum numbers but J, will be

represented by the notation

(o,n,K)" (1)

where the o and v labels will be omitted when obvious from the context.

THE ASSIGNMENT PROCEDURE

lu our preceding works ou CHOUH (2­3) the assigniment procedure was predomi­
nantly based on Taylor series expansious. “The energy levels were divided into sequences,
the levels of à given sequence sharing all quantum numbers but J. In an approach in­

dependeutly proposed in 1981 both by J.O. Henningsen (12) aud by IL.M. Pickett et al.

Ah

G

(19), each sequence of energy levels is developed às à Taylor series in J(4 +):

­ 1(J4 KR)!E(q,d) > YX ala) 4 DJ" + e Si +I(I + PQ),
ue O)

where q stands for the set of common quantum nunibers of à given sequence, 0, 0,14,

aud Nº. Vhe term including S and 7 describes the asynminmetry doubliug and contributes

ouly for levels belonging to À syminetry with siuall, bot nouzero, A values. Our old

assigument method essentially proceeded by evalvating the Taylor (as well as 8 and 97º,

when needed) coetlicients from à linear Jeast 4º fit of the assigned lines. “Then these

cocllicients were used both for evaluating the encergies of the levels involved iu the àas­

signed transitious, and for extrapolating to the encrgies of further levels with successive

J quantum numbers. “Phis allowed the prediction 6of the wavemuinmbers correspondiug

(o new trausitious between the evaluated or extrapolated levels. As reminded in our

previous works, aud in particular in Ref. (7), this program performs quite well in the

absence of such perturbations as like Fermi­Aype resonances and Coriolis interactiotis.

Most “perturbed” level sequences are not well­behaved in the J(J + 1) expansion, and

Us often leads to the inupossibility to follow the line sequences up to high 4 values. Fur­

Uhier, its worth notiug that Eq. (5) cannot fit properly the large asytmmetry doublings

found for the 1 0,4 — 1 levels of Uie ground vibrational state of À ­ Upe symmetry

ol all methyksynunetrie isotopie species, including CHÍOUH, At high J values (approxi­
mately 4 > 20), Ukie inclusion of terms of order higher thau T would be required, Thus,

some care bs recommended whea using Uie Taylor development coctlicients which we

present in Tables 1, 1 and UI.

These difficulties led us to develop à new assigmnent program, fully described in

Ref. (7), where the energies ol the levels connected by the assigned transitions are

not approximated by Taylor expausious, but evaluated directly by the Rydberg­NRitz

combination principle. That is, we evaluate the energy level values E, which minimize

the expression
2 (EE, vv)?

;VC= DaTT (6)
[8 1

where E, and E, are tUhe encrgies of UWie fth and jth level ol the molecule, respectively, 1,

is the experimental waventunber of Whe corresponding transition, and e,, its experimental

aceunracy, OL course, this program still requires extrapolations for predicting the encrgies

AVAVAY
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of levels not involved in the assigned lines. But we have found that even when à level

sequence strougly deviates from any possible reasonable Taylor expansion, it can still

be followed by predicting the energy of the Jth level by parabolic extrapolatiou from
the encrgies of the levels 1 = 1, 7­2 and J = 3. Of course, the whole sequence cannot

be fit by a parabola, but, once the J level has been identified, its “experimental” value

can be used for extrapolating the energy of J + 1, so that extended extrapolations are

never needed (7).

“The new “Ritz” program allowed us to follow the [4,0 = O,n = 0, A = 1;) line

sequence, alfected by the largest asymmetry doubling, up to J = 36. The deviation of

this level sequence from the best fitting Taylor expansion to the 5th power in J(J + 1)

is shown in Fig. 1.

At the moment, the two data files corresponding to A— aud E­ type symmetry

contain à total of more than 35 000 assigned lines, ranging from the microwave region up

to 1100 em7!. Of course, this number includes also the available assiguments performed
by other research groups and quoted in Refs. (1), (2), (4), aud (6). The diagrams of

Figs. 2,3 and 4 illustrate the level sequences of the (stmall­amplitude) vibrational ground

state, involved in the transitious assigned in the present work. “The corresponding

coclficients for the Taylor expansion of the energy levels, and the uncertainties which

affect these coelficients, are reported in Tables Eand 11,

The “Ritz” program has evaluated the encrgies of 2768 levels belonging to A­type

sy munetry, and of 41133 levels belonging to E­type symumetry. À comparison between the
energies of first 200 lowest­lyiug levels of CILOH and ol the first 200 levels of CD$OH,

and the histograums of the energy­level distribuitions of these teo molecules, have been

presented in Ref. (7).

STATE MIXINGS AND FORBIDDEN LINES

In à previous work (3) we had found evidence for a perturbation of the (n = 4, K =

0; J) A levels. In fact, we observed the whole P and R series of the (4 = 4, = 0;J) —
(n = 0,K = 0;J")A transítions, which wonld be forbidden if the upper states were
pure (n = 4, A = /0;7')A. We did not find the corresponding Q­branch, which is not

surprising, since it would correspond to AJ = O, K = 0 KR =: O transitious. Ou the

FVY
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other hand, we have also observed the (é <= 4,4 = 0,7) (n2 3,8 =1;4")A, (4 =

41,4 = 077) e (no 2, = 16GI7)A and (n = 4,8 = UI) e qn 2 1,R = L1I)A
transitious shown iu Fig. 2, all of them being regular b ­ type transitions.

We could not yet. determine which levels are perturbiug these (4 = 1, = /0;./)A
states.

As reminded in Uie utroduction, iu the present work we have also revised our work

at lower wavenunbers, and we have assigued Qhree “forbidden” transitions, all belonginp

to E symuelry: (4 = 1, = 9) — (é = 1,8 = 6) with the Q brauch at approximately

OBA em 1, (n = |, = 8) e (n = 1,h = 5) with the Q branch at approximately
U53 em Land(n= 1h = 8)e (nn 2 0,8 5) with the Q braneh at approximately
318.5 cm 4 These forbidden” transitious are due to the AN = 2 mixing between the
(n=1,N =6) and (né = 1,8 = 8). The energies caleunlated by the Ritz program are

n97.56G2 cm for ln = 1,8 = 67 = 8) and 599.57] em 4 for = 1,N 28 JS).

Other perturbatious of level sequences, which do not Jead to Known forbidden lines,
are discussed in the next section.

COMMENTS ON TIILE TABLES

As im our preceding works on CIHLLOH, we present the Taylor development coef­

licients for the energy levels Pables 1, H, and 11 Table 1 reports the a, coctlicients,

and Table 1 the $S and 7º cocllicients flor the ground vibrational state of À synmainetry.

Table 1H reports the a, coctlicicnts for E sytiminetry, The investigated level sequences

are Uie salue às those of Uie corresponding tables of Refs. (2) and (3). As usual, the

ao cocllicients for the (14 = 0,4 = 0) levels ol cach synunetry have beeu set equal to

their theoretical values, as evaluated by diagonalizing the Kwan­ Detnnison Hamiltonian

(14), in order to allow comparison between the energies of levels belongiug to different

sy tetry species. “Uhis ts why 16 error js teported for these coclficients.

Às we polnted out earlier, some care is recommended when using these tables, due

to the presence of several perturbed sequences. Vlus, for each set of Taylor cocllicients

we report not ouly the quantum numbers labeling the sequence, and the values of the

coclhcients aud their errors, but also the minimum aud maximum 2 values of the levels

fitted by the cocllicients, Jau and Ju, respectively, We also report the root mean

9 10 11 .unesp ”* 16 17 18 19 20 21 22 23 24 25 26 27
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square deviation of the “Taylor” energies from the energies calenlated by the “Ritz”

program, the maximum deviation observed and the J value Je at which the maximuna

deviation was observed.

As mentioned iu Refs. (2), (9) and (7), Uhhe errors reported for each Taylor coel­

ficient are the square roots of the diagonal elements of the error matrix, since the xº

of our fits is always very close to 1x (the number of degrees of freedom). “The error

matrix is the inverse of the curvature matrix, ie. the symmetric matrix of the system of

linear equations which is solved by the fit program in order to evaluate the coelficients.

Again, we remind that the whole error matrix should be considered for à deceper insight

into the uncertainties which affect the Taylor coellicients. However, the errors given in

our tables, plus the value of the maximum deviation of the Taylor expansion from the

“Ritz” value of the energy for each level sequence, are sulficient to estimate the errors

which affect the energies calculated from the coefficients of Tabs. 1, IL and 111.

lt was not possible to lit some strongly perturbed level sequences by à siugle set of

Taylor coellicients. Im these cases we split the sequence into à subsequence with lower

J values and à subsequence with higher J values, and evaluated separate coelhicients

for the subsequences. Due to particularly strong deviatious of the Taylor developments

from the “Ritz” values, we had to split into three subsequences each of the six sequences
= — ==(n = 1,K = 6) and (6 = 1,K = 9) Of A symmetry, and (é = 0,40 = —2), (n =

0,A = 0), (n = 0, A = 2) and (0 = 1,K = 6) of E symwetry. The following level

sequences were split into two subsequences each for the evaluation of Taylor coefficients

(n=0,K =1), (n = 0, =9), (nu =1,K=4), (n = 1,K = 5), (nu = 1,K =8) and

(n = 4,K = 0) of A symmetry, aud (n = 1,AK = 3), (n = 1,N = 5), (n = 2X =),

(1 = 2, =2), (nn =2,K =9) and (n =2,K = 10) of E symuetry. These sequences

are recognunizable on the tables also because their Taylor coelficients deviate strongly from

the corresponding values of the neighboring sequences, and are affected by much larger

errors. In à few cases the reported errors are larger than the corresponding coeftficients.

This oceurs ju situations where the error is so large that the section of the 2? surface

can no longer be approximated by à parabola around the minimum in à range of the

order of the error. “Thus, the reported error becomes meaningless. However, neglecting

the correspondiug Taylor coellicient leads to à substantial increase in the deviation of

10

the Taylor from the Ritz levels. Vhus we chose to report bota parameter and error ou
the tables, verminidiag that in these cases the ouly information ou the reliabilty of the
coellicients is contained in tie Just five columns of the table,

À glanee at the «6 cocllicients of tie various sequences leads, in à few Cases, to
the identilication of the perturbation allecting an ill beliaved level sequence, DVhis is
the ease for the perturbations between (An=1 NR = 8) and (An = RN — 9), and
between (E,;n = 1, A = 6) and (Eno RN 5), already mentioned. Unfortunately,
the origin of alt other perturbations remains unexplaind for the moment.

The anomaly of the Taylor coellicients for (mM=0 RN =1)ofA sy arise
from the inmpossibility to fit tie large asyuinetry splittings of this sequence at high J
values by the $S and 7 coellicients of Eq. (5) alone (see Fig. 1).

tis worth noting tha, dilfereutly from our previous works ou CHOW, in the
present work we have first evaluated the values of the level energies by Mminituizing Eq.
(6) over the whole SYtHICLTY species, then we have evaluated the Taylor coctlicients
which best fit the “Ritz” energy values, independently for each level Sequenco,

If the Taylor cocllicients of the Present work are compared to the Tables of Reis.
(2) and (3), it is seen that the a cocllicients are constant to within 3 parts in 105,
whereas tie relative stability is of the order of Lo 5% for the àº7 cocllicients, of tUhe order
of 10% tor the à; Coellicients, and somewhat worse for a and as (relative stabilities
fora ia cação 0 102 0 2 10). CPhe slightuy larger deviation of the present
cocllicients from the coellicicuts of Ref. (3), with respect to the deviation of Ref. (3)
Íroim Ref. (2) is due to the dilferent procedure for evaluating the cocllicients mentioned
above. “Therefore, the present coellicients are more reliable, However, we remind tha,
as discussed in Ref, (2), these adjustiments of the constants do not absolutely iuply à
revision of the assigutuents of the previous works.
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Table 1 (continued)
Tavior expansion coefficients for A svmimetrv
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Abstract

In this work we present high resolution Doppler limited
absorption spectra measurements of the C­O stretching mode of
PCH,OH, obtained from diode laser spectroscopy, and the Fourier
Transform spectrum obtained at 0.12 cm"! resolution. By using these data
and previously known spectroscopic information, we determined the
frequency and the J quantum number for the multiplets of the P and R(J)
branches of the C­O stretching fundamental band. Infrared transitions in
coincidence with emission lines of the regular CO, laser and some of its
isotope parents are pointed out.
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Introduction

Since the pioneering work on VCH,OH by Borden and Barker [1]
and Koehler and Dennison [2], the vibrational spectra of methanol and its
isotopic species have been the subject of several investigations. The
introduction of the optically pumped molecular lasers by Chang and
Bridges [3] in 1970 has added a strong practical interest to the
spectroscopy of methanol. In fact, CIL,OH and its isotopomers are the
most important and eflicient lasing molecules in the Far­Infrared (FIR)
spectral region, with over thousand observed laser lines . The main reason
for this success is the excellent overlap of transitions in the vibrational C­
O stretching mode with CO, laser lines. Besides the practical interest on
those FIR laser sources, the spectroscopic data associated with the
Infrared (IR) absorption/ FIR emission cycle are the basis for a theoretical
treatment of the molecules, stimulating new kinds of roto­vibrational
experiments to be performed. In 1978 it was published the first work
reporting laser action from opticall!y pumped CH,OH [4]. In following,
over hundred FIR laser lines were observed [5­8], severa! of which being
assigned [4,5,7­9]. Infrared data associated with the C­O stretch were also
obtained by using Diode laser [10], Fourier Transform [9], Stark [11], and
Optoacoustic techniques [8], allowing a better understanding and
assignment of the spectrum. Recently, the IR vibrational frequencies of
HCHOH from 400 to 4.000 cm! were presented by Cruz et al. [12], who
performed a normal coordinate analysis for nine different methanol
I1Ss0topomers.

In this work, we present the Fourier Transform spectrum of the C­
O streteching mode of VPCH,OH, obtained at 0.12 cm! resolution, and
Doppler limited spectra, obtained from Diode laser spectroscopy. An
analysis of these data, together with previously known data on the FIR
laser lines and molecular parameters, allowed us to determine the angular
quantum number J of the n=O P and R branches multiplets and IR
transitions of VCH,OH in coincidence with emission lines of the regular
CO; laser and some of its isotope parents. This work is part of an initiated
systematic investigation on the C­O stretching vibrational band of
VCH,OH, involving also high resolution Fourier Transform spectroscopy
of this fundamental vibrational mode [13].

vAY
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Diode Luser

Experimental Details

Fourier Transform and Diode lasers experiments were realized. In
both, commercial samples of 'CH;OH with nominal enrichment of 91%
atom VC were used. The continuous IR spectrum of VPCH,OH between
400 and 4.000 cm'!' was obtained using a Nicolet 60SXB Fourier
Transform Spectrometer. Resolutions of 4 em! and O 12 cm! with Happ­
Genzel and Boxcar apodization, respectively, were used. Gas cells with
KBr windows and optical path of 10 cm were used. The sample pressure
was about 2 Torr at room temperature. The rotational structure of the C­
O stretching mode was resolved only in the spectra with 0.12 em"!
resolution, as shown in Fig1l. The spectra of UCOIROWN indicated a
contamination with 2CH,OH, due to the low degree of purity of the
sample used, as shown in Fig.l­a. The computational subtraction
technique between spectra of VCH,OH and PCH,OH was used to settle
this problem and the result is given in Fig. I­b. The Doppler limited high
resolution measurements of absorption transitions in the C­O stretching
mode of 'CH,OH were performed by using a Spectra Physics Diode laser
spectrometer, model SP 5000 and a multipass cell, model 1.03. The
sample gas pressure in the cell, typically less than 100 mTorr, was
measured with a MKS Baratron and the optical pathlength used was 417
em. Under these conditions the Diode laser spectra were Doppler limited,
with a FWIHM —­ 0.002 cm! at T=296K. Liquid Helium cooled PBSnSe
diode lasers were current and temperature tuned to cover the spectral
region of NCH,OH C­O stretching band (not entirely continuously
tunable). The absolute calibration for each region of the diode laser
spectra was performed registering simultaneously the !CIHOH
absorption spectra (pressure of1 Torr in a 16 cm long cell) with spectra
presenting known lines of CO,, heated at 373K, and/or NH,, at 1 Torr in
the multipass cell. As the mode­hopping tuning behaviour of the diodes
required variations of diode laser current and temperature for spectral
runs of only about 0.4 cm! in extent, a small final part ofa spectrum is
always overlapped with the initial part of the following one. In this way, a
relative frequency calibration is also needed. This calibration was obtained
using a Ge­etalon with a Free­Spectral­Range 0f 0.01631 em! at 296K. À
IHgCdTe N, cooled bolometer was used as detector. Thousands JR
transitions were catalogued in this way. Figure 2 present typical spectra.
Figure 2­a shows registered spectrum of "CH,OH superimposed to a
CO, calibration line, while Figure 2­b shows the UCIHOH spectrum
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without absolute calibration lines. In both, the lines assigned with an
asterisk refer to the same transition, with the upper curve referring to the
absorption spectra and the lower one referring to the etalon transmission
peaks used for retative calibration.
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Figure 1­ Fourier Transform Spectrum at 0.12 cm”! resolution of !CH,OH in the region
of the C­O stretching mode. Figure 1­a indicates a contamination with normal CH,OH
(sce text). Figure 1­b shows the infrared absorption spectrum of V3CH,OH from which the
contribution of the normal CHOW has been subtracted. Note the well defined P, Q and R
branches and the resolution of the rotationa! structure.

Diode Laser

9P(32) co, Line

1035.4066 1035.8613 em!

Figure 2­ Typical Diode Lascr spectrum of VCH,OH. In àa­ we have the infrared
spectrum superimposed to the 9P(32) CO, line, used as absolute calibration. Th b­ we
have the spectrum without absolute calibration line. In both, the lower curve refers to
the Fabry­Perot fringes used for relative calibration. The transitions assigned with
astcerisk are the same in both spectra. We can note the coincidence of the CO, line with
a weak VPCH,OH infrared transition.
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Results

Figure | shows the expected P, Q, and R(J) structure of the C­O
Stretching band, associated with the selection rules AJ= ­1, O, +1,
characteristic of a parallel! band. Figure 2 and 3 exemplify the complexity
of the PCH, OI IR roto­vibrational structure, with tens of lines per em".
The spectra were analyzed with two main objectives: 1­ to determine the
J quantum numbers and eingenenergies of the n=0, P and R(J) multiplets,
and 2­ to identify possible coincidences between VPCH,OH transitions
and laser sources to be used in optical pumping experiments for
searching of new FIR laser lines.

Table | summarizes the observed PCH,OH absorptions in near
coincidence with emission laser lines of different isotope CO, lasers.
With respect to the regular CO, laser, we present only three pump

Table 1

IR transition of VPCHOH in near coincidence with emission lines of regular and
some isotope parents of CO, lasers

No. Laser Pump Pump PERO Olbset
Line Frequency Absorption . (MH)

tem") Frequency
(em'")

9P(36) 1031.4774 1031.4761

9P(34) 1033.4879 1033.4852
1033.4927

9P(32) 1035.4736 1035.4709

9P(16) 1004.2798 1004.2744
9R(06) 1022.9280 1022.9269
9R(22) 1033.6308 1033.6370
9R(24) 1034.8382 1034.8331

1034.8388
9R(26) 1036.0170 1036.0184

9P(28) 1005.4874 1005.4874

9P(12) 1018.2310 1018.2347

9P(10) 1019.7299 1019.7294

9P(06) 1022.6642 1022.6626
9704) 1024.0996 1024.0973
9R(04) 1030.2953 1030.2944

9R(06) 1031.6134 1031.6139
9R(08) 1032.9102 1032.9091

PEN 002­101sequentiál 2

19 m 39 1025.2569 1025.2576
20 m31 1033.3031 1033.2993
21 1033.3081

VW: Very Weak, W: Weak, M: Medium, S: Strong

Diode Laser

1018.0064 1018.4517 em!

1018.4294 1018.8297 cm!

Figure 3­ Part of the crowded V'CH,OH infrared spectrum in the region near the Q­
branch origin.
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lines in coincidence with CH,OH IR absorbing transitions. This is due
to the fact that Mukhopadhyay et. al [9] pointed out previously thirty
eight CH, OH transitions within the 180 MHz tunability of CO, laser
lines. The CO, pump lines referred in Table 1, namely the 9P(32), 9P(34)
and 9P(36) were not discussed in [9]. For the 9P(32) and 9P(36), IR
transitions of very weak intensities were observed at ­75 MHz and ­50
MlIz respectively. Those offsets are in good agreement with the values
of ­83 MHz and ­60 MHz measured through the precise Transferred
Lamb­Dip technique [8]. The low intensity of the IR transitions (see
Figure 2­b) is indicative of transitions between energy levels withn = O,
and the short wavelength of the FIR laser lines pumped by the 9P(32)
suggest laser transitions with An * O. The 9P(34) CO, laser line is a very
interesting case. We could observe two Doppler limited "CH,OH near
coincidences around this line (Figure 4). One of them is a weak
absorption at ­8O MHz and the second one, located at +140 MHz, is a
good candidate to generate strong FIR laser lines. In a careful work with
this pump line, Carelli et a! [8] observed, at the negative side of the CO,
laser gain curve, FIR laser emissions at ­114 MHz and ­82 MHz. This
demonstrates the existence of two IR transitions within the Doppler

9MI4ICO, LINE

|
1033.2367

T
.

1033.6752 cm

Figure 4­ Diode Laser spectrum of V'CH,OH around the 9P(34) CO, line. Two
Doppler limited transitions in near coincidences are observed: once is a weak
absorption at ­RO MIH7 and the other is a strong absorption at +140 MHz,

Diode Laser +25

Diode laser signal. At positive offset it were observed three other strong
FIR laser lines at +144 MHz, these lines being assigned as a triad of
emission,

The determination of the J quantum numbers of the main (n=0) P
and RO) multiplets of the CI,OH C­O stretching was achieved by
using the IR spectra presented in this work, assignments of IR transitions
and FIR laser lines [5,8,9] and roto­vibrational parameters of ! 'CHOUH
[14]. Owing to the high density of lines and, as a consequence, the poor
structure of multiplets (Figure 3), it was not possible to perform the
same analysis on the Q­branch. As a first step for the J­numbering of the
P and R branches we consider the energy eingenvalues obtained by an
expansion in powers of J(J+1). In a first approximation we use the
expansion up to [J(J+1)]?, considering only terms of overall rotation and
centrifugal distortion. In this case, the absorption frequencies of the P
and R branches, for transitions from the lower rotational level Ey­(J") of
the ground vibrational state to the upper rotational level Ey'(J') of the
excited stretching, can be written as [15]:

1ps vo (Ba +Bya MAB ­ Ba = Di + DU" + AD + Da 4A(­Dy a Dar!
(la)

and

ts +08 = AD)4 ABBA Be = RDI4 (Boo Be WD + DA (OD +2D21
D+DÊ
(1b)

v.here v, is the band origin. By and D, are the effective rotational and
centrifugal distortion constants, respectively. The values of By and D,
for the ground vibrational (v") and C­O stretching mode (v)) of PECHOH
are given by Henningsen and Petersen [14] being By' = 0.79447 cm",
Ry" = 080343 em"! and Dy = Dy" = 1.6345 106 cm!. We remember
here that the centrifugal constant values presented are those quoted for
normal methanol. Using these molecular parameters, equations (la) and
(1b) can be rewritten as

vp = 4,2157917 = 0.009.779 4 6.538vI0 f.19 (2a)

q = 1, + 1.588 +1.57977 = 0,0097726 53810 (9 (2b)
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with the results in cm!

The band origin was stimated at 10185 cm! by Petersen and
Henningsen to perform assignments for HCH;OH FIR laser transitions
[5]. This value is in good agreement with the value of 1018492 cn"!
obtained directly from the diode laser spectrum (Figure 3), also indicating
the correctness of the proposed assignments [5]. Using the experimental
value of 1018.492 cm"! for the band origin and equations (2a) and (2b),
we were able to calculate the frequencies of the P(J) and R(J) multiplets.
These values are in the third column of Tables 2 and 3 respectively. In the
second column, we report the experimental values corresponding to the
transition of higher intensity within the multplet associated to each J [16].
Fourth column of Tables 2 and 3 presents the differences between the
calculated and observed firequencies. The agreement may be considered
satisfactory if we consider the approximations included in equations (2a)
and (2b). All assignments of IR and FIR transitions between levels of the

Table 2 ­ P branch Table 3 ­ R branch

v v v o. v v v vv.exp cale cale exp exp calf cale exp
) )(en (em) (em!) (cm (cm) (em)

­ 1021.652 ­

1022.996 | 1021205 0.209

1024.606 | 1024 740 0.134

1026.068 | 1026257 0.189

1027.528 [| 1027755 0.227

1028.979 | 1029236 0257
1030413 1030 698 0285

1031830 [ 1032143 0313

1016 885 ­

­ 1015.260 ­

1013.6238 | 1013 618 1.005

I01201R [| 1011 95R ­0,060

1010 37X | 1010 279 ­N.099

1008.730 [| JO0R S&A 146
1007 080 | 1006 870 ­0.216

1005.369 | 1005 139 11230

1003.647 [/ 1003. 390 ­0.257 1033.280 | 1033. 569 0.289
1001.9514 to01.624 0327 1034617 1034976 0.389
1000.1673 999. R40 ­0.323 1035.947 | 1036.365 0.418
99R 41X 998 038 0 410 1037269 [ 1037736 0.467
99 619 996 219 ­0 420 1038.593 1039.089 0.496
994.632 994 383 ­0 249 1039.9222 1040 422 0.500
992.824 992 530 ­0 294 1041.2119 [ 1041738 0.519
991.006 990 659 0.437 1042.450 1043.0395 0.585
989.074 988.770 ­). 304 1043.658 1044313 0.655
987.239 986 R65 ­0.374 1044 856 t045 573 0.717
985.329 984.942 ­0.387 1045.966 | 1046 814 0.848
9R3.401 983.002 ­0.399 1047.153 1048 033 0.880
9R1.471 981.045 ­6.426 1048.2556 1049.240 0.984
979 Six 979071 0 467 1049 408 1050 424 1016
977.600 977 OXO ­0 520 1050.5t9 | 1051 S9u 1071
975.565 975.072 ­0 493 1051.5586 | 1052.7137 TI)
97T3STI 973047 0.532 1052.666 1053 866 1.200
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AVAVAV
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main multplets (n = O), presented in references 4, and 9 also are in good
agreement with our J numbering of the P and R(J) branches.

Conclusions

Doppler limited absorption data of the C­O stretching mode of
UCH;OH obtained from Diode laser spectroscopy were presented. It was
presented also the Fourier Transform spectrum of this vibrational mode, at
0.12 em"! resolution. An analysis of these data, together with previously
known spectroscopic information, allowed us to determine the frequency
and the total angular momentum quantum number J for the main
multiplets of P and R(J) branches of the C­O stretching mode. We have
also pointed out possible coincidences between frequencies of CH,OH
IR transítions and emission laser lines of regular CO; laser and some
isotope parents. These transitions can be used to generate new FIR laser
lines when optically pumped by powerful lasers.
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Abstract

An equivalent circuit mode! for analyzing the AC characteristics
of power VDMOS transistors is presented. The model accounts for
high field and saturation effects. This is achieved by incorporating
dependent voltage and current sources in the device model. Results
are given for the AC characteristics of a POLYFET F2001 Power
VDMOSFET rated with a drain current of 1.4A , power out of 2.5W
at 1GHz. The linear, quasi­saturation and saturation regions of the
IV characteristics are accounted for in the analysis. The small signal
device parasitics are extracted through s­parameter methods. The
s­parameter results were used to extract the frequency dependent
parasitics including parasitic capacitances, inductances and
transconductances.

1Introduction

Power MOSFETSs are particularly used to design many high
frequency circuits and are found in transmitters and receivers. For
such high frequency applications, device modeling must be
introduced to provide a­priori knowledge of system performance [1].
This is done by high frequency characterization and modeling to
provide performance information.
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ANEXO B

Linhas Identificadas do PCH;OH
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Linhas Identificadas ­ 13CH30H
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upper state lower state PÁ 5.10% Int. upper state lower state 7v 65­10%t Int.
T(n, K ; JIJ)“= (n,) K ; D)* fem"* fem”! /au. T(n, K ; ) "= (n K ; J)" —­! /cm"*! /au.q /cm

; 30) SR — (o, —4 ;29) SR
; 30) SR (1, —s ;29) SR
;30) SR ço, 1 ;29)SR
; 30) SR (o, ­6 ;29) SR
; 30) SR — (0, —3 ;29) SR
; 30) SR (o, 3+t;29)SR
; 30) SR (0, 5
; 30) SR (0, à
; 30) SR (0, —5
; 19) SR — (2, —1
; 30) SR — (O,
; 30) SP — (O,
; 25) SR (1,
; 30) SR (1,
; 30) SR (0,
; 30) SR (1,
;19) SR (1,
; 30) SR —(O,
; 30) SR (0,
; 11) SR (o,
17) SR (1,
; 14) SR — (o,
; 25) SR (O,
; 26) SR (1,
. 12) GR —(1,
; 12) SR (1,

9) SR (1,
; 19) SR (0,
; 12) SR —(O,
; 27) SR (1,
; 14) SR — (o,
; 19) SR —(O,
;17) SR e (1,
; 22) SR — (O,
; 25) SR (O,
; 30) SR — (O,

—(1,
+ (0,
+ (O,
o,

| » 47.055 74 —2.6 8730

47.055 95 —2.0 3970

47.06291 —0.9 6728

47.066 02 0.2 2722

47.071 80 2.3 4951

47.07202 0.0 7653

47.072 02 —3.9 7653

47.073 06 3.6 4487

47.085 40 .6 5388

47.124 46 2446

47.130 10 .O 5858

47.140 82 .1 5571

47.15195 6179

47.159 56 1 4768

47.16202 1 6173

47.167 42 .O 3681

47.176 87 7 7316

47.17687 4 7316

47.215 90 .1 6145

47.21981 9764

47.227 82 .9 5389

47.290 94 .4 9746

47.329 58 .O 7205

47.35063 4 5827

47.399 23 .3 5914

47.406 56 .8 5736

47.430 12 .2 9528

47.480 89 4 8743

47.489 52 .2 3615

47.56674 5974

R (0, ; (o, ; 30) SR
R (0, ; — (0, ; 30) SR
R (0, ; —C“(0o, ; 30) GR

—(1, ; 31) SR
—(o, ; 30) SR
(o, ; 30) GR
—(0, ; 30) SR
—“(0, ; 30) SR
—(0, ; 30) GR
— (0, ; 30) GR
—(0, ; 30) SR
—(0, ; 30) SR
+ (O, ; 30) GR
— (0, ; 30) SR
— (o, ;18) SR
— (2, ;19) SR
—((0, ; 30) GR
—(0, ; 30) SR
—(1, ; 19) SR
(0, ; 30) SP
(1, ; 30) SR
—(, ; 30) SR
(o, ; 30) GR
—(1, ; 17) GR
—po, ; 30) SR

;11) SR
; 25) SR
;14) SR
+ 20) GR
; 32) SR

7;22) SR
=. 12) GR

; 39) SR
+; 12) GR

9) GR
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48.595 26 .2 5070

48.608 67 .3 6356
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upper state lower state P 65.109 Int. upper state lower state
; ND” e (n K ; fem"? fem"? /au. T(n, K ; JN) º = (n KT (n,

1

; 13) SR — o,
;12)SR (O,
; 33) SR (o,
;11) SR (o,
; 10) SE (O,

9) SR (o,
— 0,
o,
— (0,
—o,

(o,
(o,
(o,
(o,
(o,
(o,
(o,
(o,
(o,
(o,

(o,
(o,
(o,
(o,

.

49.580 98 —0.8 9909
49.58279 9585

49.584 55 0.0 9185

49.584 55 —O0.6 9185

49.586 26 —1.2 8841
49.587 96 0.8 8363
49.589 92 5.4 8653
49.589 92 8653

49.589 92 —8.4 8653
49.59272 6614

49.595 07 —3.7 3186
49.60218 —O0.3 3584

49.607 57 —O0.6 8908
49.61116 0.8 4579

49.613 74 2.3 1251

49.61628 7448

49.637 56 —0.5 5627

49.637 56 —1.2 5627
49.644 42 0.4 8080
49.656 52 7700

49.667 72 —O0.6 5868
49,673 30 —1.1 8378
49.675 11 —5.2 9520
49.688 24 —0.5 7670

49.696 18 1.9 9457

49.701 38 —O.4 8294

49.712 84 —1.3 8418

49.72285 9 850

49.731 49 .7 8966

49.738 88 8625

; 32) SR (O,
. 17) GR —(1,
; 32) SR o,
19) SR e (2,
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; 32) SR (1,
; 27) SR — (O,
; 32) SR (1,
; 32) SR (O,
;15) SR e (1,

(0,
— (0,
(1,
— (0,
—(1,
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8937
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0.0
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3328
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2727

3180

3715
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2469
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7793

7612

7785
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7275
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61.44313
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64.455 54

64.471 00
64.560 37

64.597 37
64.644 72

64.739 70

64.74419

64.771 33

64.792 38

64.802 46

64.81333

64.833 53

64.85279

64.85764
64.871 35

64.889 02

64.905 98

64.92220

64.92895

64.937 70

64.95246

64.966 50

64.979 92

64.979 92

64.98231

64.99263

65.004 68
65.016 16

65.026 85

65.037 02

65.046 63

65.055 52

65.06385

65.071 66

65.074 25

65.078 84

65.085 54

65.17470

65.29835

65.306 88

65.31374m
B

»
rD

h
L

L
R

M
D

L
D

D
D

D
D

D
D

D
>D

H
»>

»
s
s
a
b
b
h
a
>

D
>

s
H

D
>

»
>

>
»

>
»

>
>

»
N

th
H

H
Ç

>
N

o
r

HN
HN

L
A

IO
E

a
L
S

D
S

tH
N

H
W

A
O

L
R

D
O

C
>

S
q
H

O
q
N

ID
R

Â
O NO

N
o
s

2415

9323

2610

6869

8344

2647

8703

3160
2318

9892
7900

9868

2196

3790

2603

3306

4876

6697

7288

3892

9036

9900

9795

8351

8968

5058

5241

4441
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D
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D
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D
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D
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D
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U

W
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W

W
O

]
O

0
O

0
O

0
0
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O

+
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; 10) GR
; 10) SR
; 11) GR
;11) SR
;12) SP
; 12) SR
; 13) GR
; 30) GR
;13) SR

(O,
(1,
(1,
—(1,
a,

—(1,
—(1,
(o,
(1
(1,
(o,
—(,
—(1,

R (O,
—(,

—(1,
O,
—(1,
—(1,
o,
(1,
(o,
—(1,
+ (O,
(0,

(1,
—(1,
o,
(o,
+(o,

NM
N

N
V

N
U

O
M

N
4
N

O
N

O
N

&
Q

L
O

o
a
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o

M
X

|
n
u

a
O

N
O

MW
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NO
MU

N
m

O
o

N
O

N
M

O
N

N
M

H
N

O
M

N
N

O
N

N
A

N
N

O
N

MN
N

N
u
o
N

M
N

M
N

L
N

M 10) GR
10) GR

;11) SP
; 11) GR
; 12) SR
; 12) GR
; 13) GR
; 30) SR
113) SR
; 14) GR
; 29) SR
; 15) GR
; 14) GR
; 28) SR
; 16) GR
; 15) GR
; 27) GR
;17) SR
; 16) SR

>
>

s
S

b
s
b
q
s
b
L
D

h
a
o
a
v
N

b
h
A

a
h
D

D
R

D
S

D
L

D
O

D
O

D
O

D
O

h
b
D

L
B

D
D

D
L
R

D
D

R
D

D
D

B
D

D
D

D
D

L
D

D
B

D
D

D
h

B
B

L
E

L
R

E
D

A
D

D
D

b
E

D
R

D
B

D
B

E
R

D
D

D
D

D
b
D

D
D 67.790 78

67.79381

67.79394

67.798 41

67.798 48

67.804 30

67.805 45
67.80475
67.81218

67.81217

67.81969
67.821 48

67.82261
67.832 80

67.832 80

67.834 52

67.844 41
67.846 68

67.849 67

67.855 18
67.86318

67.865 25

67.867 82
67.87429

67.88267

67.88267
67.889 84
67.889 90

67.897 14

67.90351

67.905 36
67.909 95

67.91343
67.91539

67.91901

67.920 82

67.92288

67.926 07
67.92876

67.931 03

67.93262

67.932 64
67.934 32

67.935 59
67.936 77

67.945 50

67.957 05
67.96219

67.96428

67.980 31
67.980 59

67.996 90
68.020 50

68.036 31
68.036 31

68.066 38
68.080 93

68.11860

68.131 01

68.17764
68.17764
68.17764
68.189 84

68.21774
68.243 41

68.317 94

68.390 03
68.400 63

68.40223
68.41547

68.459 77
68.49224
68.52274
68.554 69

68.59333

5 6 7



Index upper state lower state 65­10%º Int. upper state lower state > 65­10º Int.
T(n, K ; JJ)" (n K ; J)* fem”! fem"! /au. T(n, K ; 3)” —= (n K ; 3)" /cm /em”? au.

P (2­5 ;j17) SR —(1,­6 ;18)SR
;21) SR (0, 6 ;20)SR

6) SR —(1, 3 ; 5)GR
7) SR (1, ; 6) SR

; 12) SR — (0, ;11) SR
; 26) SR (O, 25) SR
; 29) SR —(O, ; 28) SP
; 31) SR (1, ;31) SP
; 23) SR (1, ; 24) SR
; 19) SR — o, ; 18) SR
; 32) SR (1,
; 11) SR — (o,
; 15) SR — (o,
; 5) SR (1,
; 33) SR (1,
; 10) SR (o,
; 26) SR (1,

5) SR (2,
; 28) SR (1,

3) SR (1,
; 25) SR (o,
; 33) SR (O,
; 28) SR (O,
; 23) SR (O,
. 17) GR —(0,
;15) SR (1,
; 32) SR — (0,
. 16) GR —(1,
; 21) SR (1, ; 20) SR
; 30) SR ; 29) SR
; 29) SR ; 30) SR
; 17) GR ; 18) GR
; 31) GR ; 30) GR
; 32) GR ; 31) GR
; 19) GR ; 18) GR
; 24) GR ; 23) GR
113) SR ;12) SR
;22) SP ;21) SR
; 16) SR ;17) SR

7) GR ; 6) GR

68.595 37 0.6 5022
68.61077 0.1 4668

68.615 43 —0.8 7555
68.625 17 0.5 9431
68.637 75 0.5 9778
68.670 93 —O0.3 8607
68.68175 —2.2 6049
68.704 72 0.8 5028
68.71429 0.0 3606

68.813 80 —O0.5 5136

68.826 74 —O0.3 4599
68.873 14 .8 8456
68.924 39 .1 6840
68.955 01 .5 7221
68.960 25 .5 4298
69.022 65 1 7744
69.065 34 .2 2835

69.078 05 .1 3790

69.078 05 .3 3790

69.094 10 .21 4442

69.154 07 .1 8399

69.17460 .7 4502
69.340 35 .1 7400

69.469 52 .3 9261

69.540 48 .6 9755

69.546 68 .6 8913
69.554 04 .O 3722
69.556 26 .5 3183
69.558 23 .9 3641
69.61473 .5 5869

—5 ;15) GR (1, —­6 ;16) GR
4 ; 8)SR—ÃA, 3
7 ;26) SR —(1, 6

—4 ; 9) GR —(1, —3
—7 ;14) SR (0, —6

; 35) SR (0,
; 21) SR (O,
; 34) SR — (O,
; 32) SR (O,
; 33) SR (o,
; 13) SP (O,
; 32) SR (O,
; 31) SR (o,
117) SR (0,
; 30) SR (O,

3) SR (1,
; 29) SR (o,
; 28) SR (0,

8) SR (O,
. 12) GR — (0,
. 27) GR (0,

—(o,

711.75277 0.4 8570

71.758 50 —O.3 7490

71.76370 —O.8 4029

71.767 62 7339

71.77170 .5 5980

re
H

m
N

1 & H
H

A
A

Im
A

a
a

E
.

=
) 71.88584 .2 2667

71.92015 .1 9910
71.93095 .5 2610

71.945 09 .2 5421

71.97270 .4 3607

72.001 76 .O 8578

72.01125 .2 3740

72.04677 .6 3595

72.056 38 .5 6787

72.079 77 .3 3526

72.09292 .4 6160

72.11031 .6 4040

72.138 34 .9 4197

72.15372 .2 8569

72.16074 .5 3962

72.16406 .T7 4584
72.209 36 .7 5509

72.22905 4 5747

72.23488 .1 4164

72.247 16 5686

CA
E

NS
a

us
e

e
o

AA
A

; 32) SR
;10) SR
;14) SR

6) GR
; 33) SR

9) GR
; 27) SR

6) GR
; 29) SR

4) GR
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; 24) SR
; 32) SR
; 27) SP
; 22) SR
; 16) GR
; 14) SR
' 31) GR
. 17) GR

e
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e
SS

S
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E

72.26367 7 5875
72.278 64 .O 6520

72.287 87 .O 8003

72.29213 .0 6666

72.30438 .4 6919

72.315 40 .0O 6966

72.32537 .2 7144

72.334 18 .2 6811
72.34220 .5 6736

72.34931 .2 7251

72.355 62 .4 6272

72.356 DO

72.36110

72.36170

72.366 00

72.36619

72.45169

72.49588

72.51177

72.58121

ME
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AR
ar

a
a

a
do

ao

1? [
| P

oe
oo

sf
s

69.647 06 3131
69.74999 .t 4000
69.921 02 .O 5721
69.949 98 3280
69.970 47 .8 4383
69.980 73 .6 8793

70.029 02 .5 6373
70.169 02 .1 9829
70.173 92 .5 6825
70.186 33 .o 7617

s
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e
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EE
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70.196 04 .3 9695
70.199 96 .5 3773
70.20505 4 5953

70.206 36 .2 4957

70.368 08 .4 4837

70.41269 .6 4115
70.438 05 .5 8407

70.490 93 .1 6504
70.52365 .7 7165

70.591 79 .1 9524

N
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AA

A
AA

AA
AA

EA
A
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A
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N
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8) GR k . 7) GR
. 22) GR " 23) GR
. 13) GR ; 12) GR
" 27) GR ; 26) GR
; 20) SR ; 19) SR

. 28) GR
. 11) GR
. 15) GR

5) GR
. 10) GR

3) GR
; 33) SR
; 25) SR
; 30) SR
;29) SR
; 26) SR
; 28) SP
;23) SR

8) GR
; 21) GR
;17) SR
; 29) SR
;16) SR
;15) SR
; 17) GR
; 32) SR
; 24) SR
; 32) SR
; 31) GR
. 19) GR
; 19) GR
;13) SP
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do
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à
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E

72.59131

72.61663

72.65577

72.730 25

72.74236

72.7T747O
72.791 60

72.79415

72.874 40

72.95653

73.015 08

73.068 29

73.069 97

73.131 32

73.166 08

73.200 27

73.24475

73.266 86

73.278 00

73.28275
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70.664 46 .9 3227

70.706 55 .7 4823
70.72073 .2 8364

70.809 67 1 5344

70.826 74 .3 4794
70.908 68 .O 1029
70.925 00 .O 6529

70.965 61 .6 9231
71.01293 .o 9897

71.07674 4 3172
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71.098 79 .3 9604
71.12669 .1 3935
71.15136 4 3137

71.16557 .2 8418

71.311 47 .6 4038

71.366 92 .2 3251
71.39301 4 9355

71.403 59 .7 3696
71.44363 .2 5156
71.52071 .9 9625

71.52204 1.2 9612
71.597 89 0.0 7180

;22) SR E 7169525 —1.4 3074
;22) SR A 71.72635 0.7 5164

;27) SR E 71.73861 0.6 7466
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Index upper state lower state VD 65.109 Int. upper state lower state D 6D­10º Int.
T(n, K ; JN)“ “= (n K ; JJ)" o /ocm"!? /cm”ºt /au. T(n, K; JJ)" = (n) K ; J)* /em"* f/om”"! fa.

R (0 6 ;28)SºR—(0 5 ;2)SR
;26) GR — (o, 3 ;25) SR
; 34) SR —(0,­2 ;33) SR
; 4) SR (1, 2 ; 3) SR
; 31) SR —(0,­4 ;309) SR
124) SR (1, 7 ;23) SR
; 26) GR —(1,­2 ;27) GR
111) SR (o, ; 10) SR
; 35) SR (1, ; 34) SR
; 27) PR (1, ; 26) SR
; 20) SR (o, ;19) GR
;13) SR (1, ;14) SR
;18) SR (1, 117) SR
; 14) SR — (1,
; 34) SR (0,
. 24) GR —(1,
;23) SR (O,
; 29) SP (O,
; 22) SR (O,
; 22) SR (O,
; 39) SR (0,
; 38) SR — (0,
; 37) SR (O,
; 36) SR — (0,
; 35) SR — (0,
; 34) SR — (O,
; 33) SR (O,
; 32) SR —(O,
; 31) SR (O,
; 30) SR — (o,
; 29) SR (O,
; 28) SR — (o,
; 27) SR — (O,
; 19) SR — (1,
; 26) SR — (0,
; 25) SR (O,
; 24) SR — (0,
; 23) SR — (O,
; 16) SR — (0,
; 22) SR (O,

73.855 48 0.0 7598
73.927 40 0.7 8384

74.018 33 0.0 3421
74.066 04 0.2 9809

74.10091 —O0.4 6615
74.10281 1.8 4451

74.11629 —2.4 5440

74.14898 —1.2 6645
74.170 22 —1.5 3301
74.17626 0.6 8200

74.211 34 .4 9502

74.329 59 .3 2765

74.434 08 .6 7926

74.438 49 .3 4520
74.45873 .3 4461
74.51525 .5 4136

74.530 06 .7 3498
74.587 00 .3 3052

74.61224 2 9116
74.61507 .1 9572

11) SR (1, ; 11) SR
27) SR (O, ; 26) SR

; 12) SR
; 13) GR
; 14) SP
;15) SR
;28) GR
;16) SR
;a7) SR
; 18) GR
; 19) GR
; 20) GR
; 27) SR
; 21) GR
; 35) GR
; 22) SR
;24) SR
; 23) SR
; 26) SR

4) GR
; 24) GR
; 31) GR
; 11) GR
;25) SR
; 20) SR
; 26) GR
; 27) SR
; 28) SR
;24) SR
; 29) SR

Qua,
R (0,
Qua,
Q(,
Qa,

Qu,
R (0,
Q(a,
Q,
Q,
Qa,
Q1,
R (1,
ga,
R (1,

Qa,
R (1,
Qa,
P (2,
R (1,

75.388 57 4 7714

75.392 00 1 8771

75.393 97 .4 5143

75.401 17 .1 9762

75.410 02 .2 9844M
AA

E

75.421 04 .5 9566

75.42371 4 7305

75.434 32 1 9641

75.450 28 1 9562

75.469 47 .1 9591

7T5.49205 .1 9446

75.51824 .5 9614
75.547 13 .6 7930

7T5.54865 .9 9161

75.55623 .1 2793

EC
N

as
ua

ua
Su

us
us

A
E

M
E

3
36

do
de

ro
o

a

EE
a

a
SS

E
E

75.583 52 .4 8533

75.609 59 .T7 2646

75.62337 .3 8923

75.625 50 .5 5763

75.636 17 .O 4993

75.668 66 .5 8285

75.692 54 .o 5754

75.71605 .2 7456

75.71968 .1 8025
75.765 29 9328

7T5.77701 9 7852
75.841 09 7667

75.91240 .3 6927

75.91561 .1 4966

75.991 40 .2 6247

76.003 56 .8 4872

76.078 56 .0o 5776

76.085 70 .5 7840

76.15169 .8 9614

76.15601 .4 9373

.
.

= o

74.642 22 .O 2348

74.649 04 .5 2259

74.655 80 .6 2582

74.662 39 .2 2662
74.668 26 .3 2916

74.674 39 .2 3053

74.680 36 .6 3746

74.686 34 .2 3991
74.691 98 .3 4247
74.697 33 .6 4695

74.70268 .4 5240

74.70781 .2 5487

74.71294 .O 6260

T4.71294 .7 6260

74.717 43 .O 6394

74.721 92 .& 7095

T74.72631 .O 7287

74.730 51 .7 7307

T74.73425 .1 6841
T4.73425 6841

P
s S

O ­
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do
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O
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H
À

[E
m

p
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”
)

EA
RS
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au

ua
au

a
ua

NE

o

1
+

76.174 32 5389

76.234 97 .3 4939

76.245 90 .9 2569

76.279 32 .3 4929

76.301 08 4 6318

76.308 97 .4 4078

76.311 53 .O 6062

76.38251 .4 9547

76.393 02 .4 9174
76.39378 .6 3551

m
e
s
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; 18) GR
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2) SR
3) SR
4) SR
s) SR
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; 25) GR
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; 14) GR
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; 16) GR
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; 18) GR
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9) GR
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;12) SR
; 25) GR
;13) SR
. 24) GR
;14) SR
; 23) SR
. 15) GR
; 11) GR
: 22) GR
. 15) GR
;21) SP
; 20) SR
;16) SR
; 19) GR
;18) SR
;17) SR
16) SR
; 15) GR
; 17) GR
;14) SR
; 13) GR
;12) SR
. 11) GR
;10) SR

9) GR
8) GR
7) GR
6) GR
5) GR
4) GR
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78.073 48

78.098 68
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78.247 86
78.285 42

78.305 34

78.37429
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78.374 29

78.376 18

78.37618

78.378 10

78.380 24

78.38295

78.386 80

78.391 48

78.39744
78.404 90

78.41411
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78.42275

78.42521

78.430 98
78.430 98

78.434 67
78.438 59
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78.44527
78.45055

78.454 55

78.455 62

78.460 56

78.465 05

78.468 87

78.47329
78.47329

78.47555

78.478 23

78.480 57

78.48258

78.484 44

78.486 25

78.48795
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78.48972
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78.491 04

78.491 04

78.491 04
78.495 36
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78.520 84
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78.562 57
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(0,
(0,
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A
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86.558 47

86.562 26

86.594 94

86.609 16

86.631 60

86.635 39

86.656 92

86.665 21

86.670 50

86.703 22

86.725 48

86.774 09

86.80201

86.810 88

86.820 63

86.980 17

87.05118

87.06573

87.25215

87.254 46

87.256 40

87.327 99

87.335 48

87.364 40

87.52323

87.547 23

87,.55421

87.586 12

87.628 02

87.639 54

87.680 36

87.759 42
87.799 59

87.826 14

87.82615

87.901 48

87.92216

87.939 15

87.955 32

88.006 91

88.006 91

88.040 36

88.134 37

88.204 46

88.209 62

88.20985

88.23375

88.261 64

88.263 44
88.300 44
88.311 22

88.370 31

88.550 29

88.613 04

88.62575

88.764 34

88.800 22

88.819 25

88.877 94

88.885 69
88.888 23

88.91005

88.994 60

89.068 44
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89.17433
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89.389 58
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7391

3059

2777
3405

9900
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5388
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upper state lower state É 55.109 Int. upper state lower state

T(n, K:; JN)" (n, K fem * /cm * /au. T(n, K; JIJ)” (n Kq q

8;24) RR —(0, 9
2; )SRe(1, 1

—1; 16) SR (1, —2
—11 ; 11) SR — (0,

—8 ; 30) SR — (o, —7
& ;32) SR (0, à

; 40) SR — (O,
114) SR (1,
; 14) SR (1,

—Po,

— (0,
(1,
o,
(1
(o,
(1,
—(o,
(1,
— (0,
(O,

89.482 00 .1 2973

89.510 10 .2 9497

89.519 86 .2 8536

89.660 10 4 9658

89.671 62 6589

9.744 24 .1 6333

89.77461 .0O 3003

89.778 36 .6 9488

89.78566 .2 9598

89.796 48 .5 9399

89.805 57 .7 6317

89.810 49 .1 4653

89.819 41 .6 9872

89.84423 9 5541

89.937 78 .7 9851

90.177 16 .1 2865

90.184 44 .O 9623

90.264 20 .8 2914

90.268 98 .4 6025

90.347 69 .4 5946

114) SR (1,
; 32) SR (0,
;13) SR — (o,
; 20) SR — (0,
. 23) GR — (0,
;16) SR — (1,
;16) SR e (1,
; 28) SR (O,
; 27) SR — (O,
. 26) GR —(0,
. 25) GR —(0,
; 24) SR (O,
; 23) GR
" 22) GR
" 21) GR
. 20) GR
; 19) SR
; 18) GR

92.658 38

92.739 48

92.790 00

92.91998

92.920 96

D
o

m
E

4%
RM

A
A

e

92.930 10

92.94265

92.945 22

92.971 10

92.983 67

92.995 37
93.006 10

93.01619

93.02519

93.033 74
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a
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E
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a
a
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a

a

S
E

E
2? 93.041 41

93.048 48

93.054 97

93.060 83
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93.069 28

93.07091

93.075 66
93.075 66
93.079 48
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o
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A

A
Ra

a
a

Ss
E

E
E
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X
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90.381 60 .O 8718

90.416 98 .O 8427

90.447 60 .3 9282

90.468 13 .O 2925

90.492 58 .5 9714

90.640 81 .8 8276

90.674 59 .9 3238

90.688 50 .4 6453
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93.307 64
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(O,
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90.759 65 .7 9173

90.79313 .5 9078

90.942 93 9727
90.94293 9727
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90.956 56 .1 9753

91.01671 .6 5084

91.035 52 .5 5257

91.047 17 .O 4253

91.081 56 9531
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91.206 72 .5 6038

91.225 64 .3 9720

91.24273 .o 2794
91.353 47 .6 9797

91.358 89 .7 9221

91.36175 .O 9514

91.363 04 .9 9383
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91.50431 .6 9760

91.596 97 .5 3980

91.658 38 .8 2625
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upper state lower state Po 55­10º Int. upper state lower state

T(n, K; J)"”"­(n K ; /em* /cmº! /au. T(n, K; JJ) “o (n K
QU, 9;28)SR (1,
R (0 8&;23) SR O,
QU, 9;27 SR,
R (1, —4 ; 24) SR —(1,
R (0, 8;27) SR —(o,

—1;11) SR (1,
9 ; 26) SR — (1,

—2;11) SR — (2,
3;16) SR (1,
9;25) 9R (1,
8; 20) SR —(O,

—8 ; 34) SR — (0,
2;13) SR (1,

—1;12) SR — (1,
—4;25) SR —(1,

; 24) SR — (1,
; 16) SR — (o,
;23) SR,
; 23) SR (1,
;23) RA,
;15) SR (O,
; 22) SR (1,
; 22) SR — (1,
; 22) SR — (O,
;21) SR (1,
; 25) SR (O,
. 20) GR —(1,
. 18) GR —(1,
;18) SR —(1,
; 19) SR (1,
;18) SR (1,
17) SR (1,
;18) SR e (O,
; 16) GR —(1,
;15) SR (1,
; 10) SR e (1,
114) SR (1,
;13) SR (1,
; 12) SR —(1,
;11) SR (1,
; 10) SR (1,
; 9) SR,
; 20) SR — (O,
; 39) SR (O,
; 30) SR — (O,
; 30) SR — (O,
; 23) SR — (O,
; 27) SR (1,
28) SR (1,
; 26) SR (1,
; 29) SR (1,
; 25) SR (1,

(1,
—(1,
—(1,
—(1,
—(1,
—(1,
—(1,
—(,

95.524 57 4200
95.607 55 .O 9466

95.61229 .7 8821
95.649 11 .4 8067

95.651 95 .1 9240

95.662 38 .7 9178

95.693 84 .O 5338

95.73278 .5 5834

95.761 08 9420

95.771 65 .7 5649

Q (2, ­5;10) SR (1, —6
Q (2, —5; 9) SR (1, —6
Q (2, —­5; 8) SR (1, —6
QE ­5; NERO, —6
Q (2 —5; 6) SR (1,
R (1, ; 31) SR (1,
R (0, ; 24) SR — (O,
R (0, ; 28) SR (0,
R (1, ; 12) SR (1,
R (1, ; 25) SR a,
R (2, ;12) SR — (2,
R (0, ; 35) SR (O,
P (1, ; 19) SR (O,
R (1, ; 14) SR — (a,
PQ, ;11) SR (1,
PQ, ;21) SR (1,
P (2, ;15) SR (a,
R (0, ; 16) SR — (O,
P (1, ; 15) SR — (o,
P (2, ; 24) SR (1,
R (0, ; 11) SR o,
R (0, ; 23) SR (O,
R (1, ; (1,
R (1, 1 —(1,
R (0, ; (0,

R (1, ; —(1,
(1,
+ (O,
—(1,
o,
—(,
(1,
—(1,
(1,
(1,

(1,
(1
(1
(1,
(1,
(1,
(1,
O,
(1,
(1,

(O,
(1,
—(,
+ (o,
—(1,
Fo,
(1,
(1,
(1,

96.911 65
96.924 33
96.935 99

96.946 55
96.956 12%

do
o

do
x

97.05491

97.15729

97.217 39

97.237 05

97,28220

97.297 26

97.323 67

97.36213
97.375 23

97.382 77

CA
E

A
a

ua
E

E

95.775 88 .2 3972

95.798 01 .O 5615
95.800 21 .6 9822

95.806 37 .8 9028

95.820 89 .3 4541

95.844 66 .6 5900

95.878 69 .4 6703
95.902 65 4598

95.904 49 3.1 6124

95.91251 .9 6695
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O
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R

P
O

O
Y

V
U

N JW
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A

a
au
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Su

a
a

A

o

97.387 05
97.40621

97.47521
97.493 03
97.504 77
97.533 62
97.56373

97,57532

97.577 26

97.606 24

97.671 01
97.696 43
97.763 86

97.855 31

97.957 45
97.971 48
97.971 48

97.971 48

97.971 48
97.97333

97.973 33
97.975 44
97.97761
97.980 22

97.98385

97.988 01

97.993 35
97.999 56
98.006 98

98.015 57
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E

E
e

a
a

E
E

­
1
)

O
W

Y
O

M
W

U
N

H
F

| ­ U = o 95.91485 .5 9500

95.932 76 .4 2883

95.974 87 .1 6806

96.018 50 .2 9790
96.031 83 1 6872

96.044 54 .2 8888

96.083 16 .5 7434
96.088 57 .3 9448

96.108 96 .7 9425
96.129 00 1 7282

96.169 33 .8 8943

96.204 75 .6 8729

96.207 59 .5 9708

96.234 99 .2 7936

96.260 56 .6 8315

96.269 48 .8 5064

96.282 14 .3 7942

96.299 65 .1 7743

96.313 80 .6 7364

96.325 04 7400
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do
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a
o

a
a

a
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96.333 79 .1 6882
96.340 43 .O 4937

96.405 82 .5 9806

96.531 29 .2 4943
96.535 23 .1 7035

96.625 77 .6 7383

96.676 93 .O 8702

96.706 10 1 5516

96.706 10 .5 5516

96.708 12 4453

96.709 78 .6 3527

96.71301 .3 4724
96.716 62 .3 3389

96.719 98 .8 5086

96.726 96 4 3440

96.72901 .2 6207

96.729 01 .O 6207

96.739 36 .4 8812

96.741 44 .6 3592

96.751 20 .6 5560

96.760 30 .O 4988

96.764 40 .5 4444

96.765 72 9356

96.778 17 .1 6307
96.782 66 .6 7049
96.79285 .1 6330

96.807 55 .8 9392

96.823 23 .O 6929

96.838 75 .4 6556

96.85418 .4 7226

96.865 19 .5 6043

96.869 29 1 7236
96.875 76 .2 4689

96.884 08 .4 7196
96.898 20 .3 6489
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98.025 58

98.036 93

98.049 85

98.054 06

98.064 12

98.075 59

98.079 94
98.097 46
98.116 38

98.136 82

98.158 80

98.18202
98.185 54

98.206 65
98.23218

98.23218

98.300 24

98.31062
98.332 22

98.39415

98.435 64

98.704 38
98.783 14

98.81293

98.846 60
98.854 58
98.860 76
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9;14) SR

10 ; 24) SR
—9 ; 27) SR
—4;23) SR

3;20) SR
3; 20) SR
9 ; 20) SR

—7 ; 24) SR
6; 8) SR

11,22) SR
; 32) SR
; an) SR
; 32) GR
;25) SR
; 31) SR
; 21) GR
; 16) SR
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; 7) SR
; 26) GR
+ 19) GR
; 30) GR
; 37) GR
; 14) GR
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; 16) GR
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117) SR
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; 31) SR
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; 25) GR
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; 22) SR
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; 26) SR
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; 33) GR
; 25) SR
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; 26) SR
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;17 GR
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8;31) GR
—1;15) GR
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; 21) SR
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;14) SR
; 16) GR
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QU,
R (0,
R (0,
P (2,

(o,
(1,
(1,

(1,
(2,
e,
e,
GC,
(1,

R (0,
FP (1,

ID
U

T
U

U
O

D
O

U

m
r

Oo
oO

a
A

a
a

a
a

s
a

a
s

e
a

as
a

or
an

M
A

S
A

A
A

O
O

D
O

N
y
w

N
P

M
E

N
H

O
FP

FO
O

O
N

O
P

O
N

U
r

EPE
N

N
O

m
—

—
”

ID
O

O
T

N
V

A
O

T
V

T
U

T
V

U
O

V
T

U
O

V
U

O
D

O
V

U
D

O
V

U
IZ

ID
A

S
J
S

2
0
0

ID
IIO

N
D

V
U

O
U

T
T

V
U

V
D

IZ
O

T
IA

D
H

D
A

O
A

AR
A

A
R

A
AN

AA
A

A
AR

A
AR

o
O

rp
P

nH
rS

rs
rq

S
N

N
M

N
O

N
O

10

—11

—8

—l

2

10

11

8

—8

­9

n
m

C
O

A
A

A
m

s
t(

io
u

a
u

m
| a

; 29) SR
; 22) SR
; 29) SR

5) GR
; 20) SR
; 14) GR
; 17) GR
; 13) GR
' 30) GR
; 32) SR
; 37) GR

(o,
o,
a,
(1,
(1,

(O,
Fo,
—(0o,
(1,
(o,
o,
(1,
(0,
—(o,
—(,

—(o,
(1,
—(,
(1,
(1,
(1,
(O,
o,
(O,
(1,

(1,
(1,
(1
(1
(0,
(0,
—o,
—po,
o,
(1,

o,
(1,
(1,
po,
(1,
—,
(1,
o,
(1,
o,

(2,
o,
po,
(0,
(1,
(o,
+ (o,
a,
—(1,
(1,

—(1,
(o,
(o,
(o,
(o,

|
A

N
A

R
N

O
U

O
W

OW
O

R
N

A
L

O
U

M
E

N
S

m
M

S
S

L
S

E
L

S
A

D
A

D
E

R
R

L
L
O

W
H

O
R

N
H

CL
EO

LN
OS

DL
DO

NM
D

>
L

O
D

L
O

M
N

B
R

H
O

N
M

L
O

LD
SN

OI
ON

D
G

o
b

DL
DD

D>
D2

H
Gh

>n
DD

O
HN

HH
QH

NS
C

O
E

N
H

O
D

> 106.771 73
106.800 00

106.83421

106.851 34
106.86431

106.895 74
106.930 86
106.951 93

106.976 45

106.978 25

107.057 34
107.099 47
107.106 34

107.117 66
107.131 95

107.141 92
107.176 18
107.176 18

107.18215

107.18215
107.229 43
107.231 96

107.240 22

107.274 30
107.301 24

107.306 37
107.392 07
107.439 50
107.48475
107.487 88

107.49516

107.533 26
107,548 12

107.660 34
107.681 79

107.714 17
107.731 82
107.75353
107.830 25
107.894 46

107.91335
107.917 52
107.922 08

108.15691
108.187 33

108.22575
108.22575
108.250 02
108.294 23

108.303 96
108.346 73

108.35171

108.428 28
108.447 73
108.455 O8

108.488 60

108.495 14
108.537 08
108.541 30
108.557 27

108.637 96
108.657 80

108.692 70
108.771 31
108.81267

108.81267

108.817 14
108.817 14

108.836 28

108.871 98
108.926 22

108.93595
108.962 26
108.977 31

108.988 13
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Index upper state
T (n, K

lower state

JIJ)” (n, K
5.109 Int.
fem”! /au.

Index

T(n, K
upper state lower state

; 9)” (n, K ; 3)”

* 4351
* 4352

ER
S

a
a

us
ua

a
a

a
E

de
eo

do
do

3
o

o
do

x

*

*

*

*

E

*

*

*

*

*

ES
a

ua
ua

aa
ua

aa
ua

a
4

Ro
4

ro
eo

do
do

o
o

EC
Cs

a
Su

a
a

a
a

a
4

A
dA

4
x

R (0,
P (2,
R (0,
R (0,

(O,
(1,
(2,
C,
a,
(o,

e,
(1,
(6
(,

E
N

A
NA

N
AD

A
AN

EN
A

R
A

R
A

S
A

AN
A

E
A

o
O

o
N

H
O

rM
R

N
H

O
O

M
H

O
N

H
P O

F
H

F
O

O
O

N
O

m
m

PE
O

NO
pe

m
e

n
o

s ms
D

rw
w

to
a

a
a

[
N

N
E

m
e
n
m

m
a
m

s
a

m
a
s

P
r
o
p
y
p
r
o

o
r
o

:
m

m

N
M

m
o
m

vu
N

S
T

U
D

O
S

D
Q

N
O

IJ
IA

Z
D

IA
D

O
U

T
U

T
IT

U
O

D
O

T
IO

U
A

S
D

U
O

V
O

IJ
II

D
A

T
V

T
IV

T
U

N
V

O
U

S
U

T
U

IO
D

W
N

V
U

O
O

O
D

O
IN

O
N

N
O

W
U

V
U

Y
U

T
D

O
U

T
U

IU
D

=
r

14

—­4

7

10

—10

­
ns

|
A

R
O

C
G

O
U

O
O

A
R

A
U

R
A

US
O

UN
O

O
O

R
N

.

Ú
e
m
l
o

R
O

O
O

A
R

O

;15) SR
jan) SR
; 38) GR
; 31) GR
; 22) SR
; 20) SR
;15) SR
; 27) SR
; 32) GR
; 32) SR
; 13) GR
;18) SR
; 28) GR
; 15) GR
; 36) SR
; 20) SR
; 17) SR
; 31) SR
;16) SR
; 31) SR
; 24) GR
; 20) SR
;16) SR

3) GR
; 39) SR
;22) SR
;19) SR
; 34) SR
;11) SR
; 29) SR
; 26) SR
; 27) SP
; 30) SR

7) GR
; 29) SR
;28) GR
; 25) SR
; 25) SR
; 27) SR
; 25) GR
; 25) SR

9) GR
; 42) GR

8) GR
; 27) SR
; 29) SR
; 31) GR
; 16) SR
; 26) SR
; 39) SR
; 32) GR
; 33) GR
;16) SR
; 23) GR
; 19) GR
; 28) GR
;14) SP
; 22) SR
;33) OR
; 26) SP
; 27) GR
;17) SP
; 27) GR
; 16) GR
; 32) SR
; 37) SR

Po,
(1,
+­(O,
+ (O,
+ (O,
— (0,
(1,
—(l,
(1,

—(,
(o,
—(2,
(1,
+ (O,

+ (O,
— o,
—(1,

(1,
(1,
(1,

(1,
(O,

+ (O,
—(1,

(o,

—(1,

13

­
m

a
o
s

N
S
S

O
O

L

>
re

D
D

B
D

D
B

R
L

D
ó

»

109.050 29

109.070 82

109.089 29

109.098 51

109.274 58

109.278 77

109.334 63

109.36623

109.421 52

109.445 62

109.460 83

109.498 15
109.502 99

109.735 83

109.757 14

109.781 99

109.786 02

109.81297

109.814 00

109.827 36

109.890 86

109.894 30

110.000 00

110.004 24

110.01016

110.049 29

110.058 80

110.10485

110.16253

110.18368

110.19210

110.207 53

110.211 60

110.281 66

110.308 58

110.32075

110.44473

110.44473

110.448 06

110.448 06

110.448 06

110.46313

110.48311

110.53265

110.552 39

110.57351

110.59552

110.603 38

110.626 95

110.644 86

110.648 51

110.692 48

110.696 24

110.83381

110.897 29

110.91316

110.91516

110.924 99

110.965 00

110.997 54

111.091 51

111.15847
111.23038
111.31563

111.32726
111.32726
111.33747
111.34456
111.37785
111.43225

111.47581

111.487 88

111.52497

111.55311

111.57901

0.4 9226

—O0.4 3592

0.0 3586

0.4 5553

1.5 9044

—O0.4 1844

­—0.9 2912

—1.1 2233

—1.4 1262

1.7 6312

0.6 582
—1.2 2524

1.0 1359

1.0 4557

—0.6 5727

0.7 5060

—O0.6 9208

2.1 3963

1.5 9528

—0.7 1553

0.5 8186
0.4 8896

—0.1 6990

—O.1 5728

—0o.9 970

—O.5 4854

0.0 5728

—1.4 2524

—O0.7 3689

1.5 1262

—1.4 1650

—0.7 6796

—O.1 2233

—0.4 7475

—O.3 4271

2427

4660

4660

4660

4660

4660

6699

3106

6116

4660

2718

1359

7475

1553

1067

2427

1747

4077

6310

1941

2718

3106

1165
3203

2524

1165

2718

2621

2135

3883
3883

2330

5631

7378

4174

1165

5533

3300

6310
5145

EN
S

NS
E

E
4

de
do

de
dé

+
do

ao
x

* 4448
ES

N
ua

au
s

uu
ua

Nu
a

a
M

o
E

de
do

o
do

a
4

x
4

A
4

do
4

4
+

4
ho

+
A

A
A

A
*

4
A+

x
4

dE
eo

4
do

3
o

a
x

+

4426 R (0, 11
4427 R (1, 2
4428 R (0, —9
4429 R (0, 9
4430 P (1, 8

4431 Q (1,
4432 R (0,
4433 P (2,
4434 P (2,
4435 P (3,
4436 P (1,
4437 P (1,
4438 R (1,
4439 Q (1,
4440 P (2,
4441

4442

4443

4444

4445

4446

4447

ID
U

O
T

V
VO

ID
T

U
N

U
U

A

­
O
1

6
U

A
b
h
h

o
t

|

4449

4450

4451

4452

4453

4454

4455

4456
4457

4458

4459

4460

4461

4462

4463

4464

4465

4466

4467

4468

4469

4470

|
|

a
a

v
o

Ú U
N

I
A

w
o

m
n

v
V

S
IN

4471

4472

4473

4474

4475
4476

4477

4478

4479

4480

U
=

U
N

A
O

C
O

A
N

V
N

A
V

o

­
W

o

4481

4482

4483

4484
4485

4486
4487

4488

4489

4490

P
e
N

n
N

P
o
O

P
D

ro

t
em

|
­»

N
O

N
NA

ND
O

4491

4492

4493

4494

4495

4496

4497

4498

4499

4500

E
E

e
q

S
O

N
HS

r
e

:

J
O

IN
D

O
O

IV
O

S
O

H
O

IV
T

O
IV

Z
D

O
N

S
D

O

o
m

r
r
o

r
n

r

; 20) SR
; 23) SR
; 35) SR
;28) SR
; 10) SR
; 25) SR
; 30) SR

6) SR
; 28) SR
;28) SR
; 27) SR
; 25) SR
; 10) SR
; 24) SR
; 24) SR
; 24) GR
; 24) GR
; 24) GR

9) GR

(0, 10
(1, 1
(0, —B
—C(0o, 8
+(í(o, 9
—(l, 5
—(0, 10
(1, 4
(1, ] s

O
W

N
L
A

H
GO

MW
W

0
U

M
N

M
y
O

u
U

n
|

M
am

rq
w

Jv
VO

oO
rP

N
O

U
S

AO
AN

o]O
A

U
O

N
O

A
N

A
D

O
M

N
A

O O
&

t
­

O
u

r
o

o
n

o
n

rv
ra

b
o

a

; 19) GR
; 22) GR
; 34) SR
; 27) SR
; 11) R
; 25) GR

»
»

D
B

b
b
L
b
D

D
E

L
B

B
L
B

D

111.621 90

111.647 51

111.66955

111.75528

111.767 65

111.79685

111.84378

111.866 68

111.87101

111.877 22
111.999 84

112.015 80
112.02590

112.04623

112.07336

112.073 36
112.075 77

112.075 77
112.103 03

112.15387

112.18573

112.19903
112.19903

112.27311

112.31355

112.31355

112.316 10

112.39209
112.42113

112.47791
112.495 49

112.50367

112.51601

112.551 00

112.553 55

112.558 61
112.56691

112.579 12
112.59611

112.602 54

112.618 80

112.62502

112.648 14

112.66113

112.680 30

112.68510

112.730 53
112.78549
112.811 48

112.823 45
112.83695

112.850 87

112.891 55

112.896 82

112.899 38

112.901 47

112.927 58

112.934 64
112.941 19

112.96572
112.967 84
112.970 83

113.016 33
113.085 12

113.088 96

113.107 15

113.118 03
113.15244

113.184 52

113.194 17

113.23321

113.234 40

113.250 03

113.28279
113.300 93

cm1 6 7 16 17 18 19



Index upper state
T (n. K

lower state

JIJ)”= (n K
55.109 Int.
fem”! /f/au.

Index upper state
T (n, K ;

lower state
JIJ)“ e (n, K ; 3)?

EA
NS

Au
au

Sua
ua

Ve
"S

u
Su

M
s

Su
E

e
Ss

E
A

SE
ES

E
EC

OS
A

us
a

a
ua

Ss
2

E

*

*

*

*

*

*

*

*

E

*

EC
N

Aa
ua

ua
us

ua
Au

AU
EC

RS
a

as
ua

a
ua

ua
a

a
Mo

E
o

do
do

d+
4

+
x

M
AE

o

QO
Qua.
P (1.
R (0,

(1,

D
O

rP
rE

H
rE

N
O

O
W

|"

o

C
O

n
N

E
Q

O
O

r
O

V
O

[
A

i
U o

P
A

IX
N

A
O

S
R

O
R

N
Y

y
N

G
N

A
O

R
A

R
h

b
h

n
u

u
V

O
A

o
o
a
n
o
Y

y
+

;15) SR (O,
; 23) SR (1,

9) SR (o,
; 31) SR (0,
;14) SR (1,

+

5) GR (1,
O,
(1,
—(1,
+ (0,

—(1,
—(,
—(a,
—(a,
(1,
(1,

n O
O

Ou
Uu

Ms
O

N
A

MM
P

p
D

n
U

O
L

NU
OU

NU
MO

N
|N

V
O

8
S

]
y
O

0
O

0
W A
R

à
a

o
U

U
U

U
R

L
R

U
U

O
L

e
o

n
r
o

N
S

U
M

|
t

O
r
O

r
N

O
AL

M
M

»
E

>
E

>
8
>

D
2
L
2
0
2
S

D
o

S
1

>
S

O
0

9
N

S
2

A
2

>
G

o
S

N
W

S
O

M
>

D
O

G
h
L
D

D
D

0
0
U

0
O

0
N

D
D

L
O

D
S

L
S

D
R

D
D

R
O

D
O

bH
O

HN
W

NO
NO

ND
O

O
DR

D
>

O
N

N
L

O
R

L
R

O
X

O 113.35625
113.362 52
113.371 89

113.37679

113.41600
113.448 56

113.460 89

113.463 45
113.500 54

113.500 54

113.506 30

113.52805
113.548 01

113.55072

113.561 60

113.57021

113.57463
113.57667

113.586 66

113.66512

113.67373

113.675 47

113.697 34

113.69734
113.699 68

113.69968

113.70204

113.75638

113.82273

113.826 47

113.839 09
113.93071
113.949 18

113.99605
114.02381
114.028 56

114.075 66

114.08063

114.13385

11415587

114.16268

114.233 59
114.249 04

114.26811

114.341 86

114.434 04

114.444 38

114.45435

114.45688

114.45688

114.47471

114.479 10

114.50415

114.50661

114.60298

114.66253

114.686 49

114.69068

114.74667

114.800 36

114.844 54

114.857 10

114.907 70

114.94262
114.974 52

115.02761

115.044 17

115.06621

115.14492

115.210 12

115.22337

115.244 87

115.24748
115.318 13

115.318 13

—0.3 6116

0.1 6019

—O.7 3883

—1.4 3883

—O0.4 6699

—0.2 7378

—0.8 1941

—O0.6 6407
1.7 6407

—5.5 6407

­—0.9 5922

0.2 6699

—O0.7 5922

—2.0 1941

—O0.8 5533

0.1 5825

—2.1 5145
0.4 3883

—2.0 6699

0.4 5242

—1.0 5533

—0o4 o
—Oo.2 2912

—o.2 2912
—O0.2 2718

—1.1 2718

—O0.5 5533

0.8 1747

—1.5 2135

0.2 3300

—0.9 5533

0.1 4466

—O.2 4854
—O0.4 2038

0.6 1067

—O.9 4951
—O.1 3300
—0.9 1262
—1.0 2038

—0.9 1262

0.1 1262

—O.4 4660

—0.8 2912

—O0.1 1844

0,4 2815

776

2038

4951

6116

6116

1067

1650

6990

4077

1844

5922

5339

3786

5533

1456

4660

4368

3592

3300

4563

7184

1165

6310

6796

2912

1359

6019

5728

3203

3203

o
do

o
o

M
d

de
3

é
o

o
x

4

4576 P (2,
4577 P (2,
4578 P (1,
4579 R (1,
4580 Q (1,

4581 R (0,
4582 P (2,
4583 P (1,
4584 P (2,
4585 P (1,
4586 P (1,
4587 R (2,
4588 P (1,
4589 P (1,
4590 Q (1,

4591 R (0,
4592 P (3,
4593 P (2,
4594 R (1,
4595 R (2,
4596 P (2,
4597 R (0,
4598 R (0,
4599 R (1,
4600 R (0,

* 4601 P (1,
* 4602 Q (1,

4
do

o
do

do
M

AE
dE

o
ro

do
do

do
a

ER
SS

as
a

a
ua

ua
Sua

ua
Ea

%o
e

do
o

a
4

4
4

4
x

M
d

A
o

A
3

a
a

x

4603 Q (2,
41604 Q (2,
4605 Q (2,
4606 Q (2,
4607 Q (2,
4608 Q (2,
4609 Q (2,
4610 Q (2,

4611 Q (2,
4612 Q (2,
4613

4614

4615

4616

4617
4618

4619

4620

4621

4622

4623

4624

4625

4626

4627

4628

4629

4630

4631

4632

4633

4634
4635

4636

4637

4638

4639

4640

4641

4642

4643

4644
4645

4646

4647

4648

4649

4650

+

1
|

R
E

R
A

R
O

R
O

V
O

A
R

; 22) SR
; 22) GR
; 25) SR
; 30) SR
; 33) GR
; 26) GR
;13) SR
;23) SR
. 11) GR
. 19) GR
' 25) GR
; 12) GR
; 28) GR
; 16) GR
; 34) GR
; 35) GR
; 24) GR
; 23) GR
; 36) GR
; 24) GR
; 29) GR
; 21) GR
; 28) GR
; 19) GR
; 20) GR
; 14) GR
. 35) GR
; 18) GR
: 17) GR
;19) SR
: 16) GR
. 20) GR
; 15) GR
;21) SP
;14) SR
+ 13) GR
; 22) GR
; 12) GR
; 11) GR
; 23) GR
; 20) GR
; 10) GR

9) GR
; 27) SR
; 24) SR

8) GR
7) GR
6) GR
5) GR

; 25) GR
4) GR
3) GR
2) GR

;24) SR

(1,
(1,
(0,
(1,
—(,

—C(o,
(1,
(0,
(1,
O,
(0,
—(1,
+ (0,

(1,

o,
— (2,
(1,
—(1,
(2,
o,
Fo,
(o,
(1,
+ (o,

(0,
(1,
(1,
—(1,
—(1,
—(1,
—(1,
(1,
(1,
O,

(1,
—(1,
—(1,
(1,
—(1,
O,
(1,
(1,
(1,

O,

O,
(1,
a,
—(1,
(1,
—(,

—(,
(a,
(o,
—(0,
—(1,

3 +;23) GR
3 +;23) SR
6

2

6

—9

—­5

7

5

10
5

—6

—­4

11

6

9

—­4

2
­3

—­l

; 26) SR
+; 29) GR

; 33) SR
; 25) SR
;14) SP
; 24) GR
; 12) GR
; 20) GR
; 26) GR
;11) SR
; 29) GR
; 17) GR
; 34) GR
; 34) GR
;25) SP
; 24) OR
;35) SR
; 23) SR
; 30) SR
; 20) SR
; 27) GR
;18) SR
; 19) SR
;15) GR
;35) SR
; 18) GR

m
m

>
>

c
B

6
>

L
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2
R

W
o

b
rn

h
2

L
2

b
D

>
2

0 [L
H

G
T

o
O

N
G

Â
h
N

Q
É

O
É

N
O

H
N

o
b

b
>

D
E

N
W

C
O

M
D

O
M

o
tN

tv
H

W
H

[E
IR

O
»
>

>
b

O
NG

N
N

N
O

N
R

S
>

G
Â

E
[N

D
D

D
O

0
0

D
e
D

D
D

115.31999

115.31999

115.347 37

115.475 09

115.492 86

115.50512

115.540 59

115.61327
115.655 92

115.655 92
115.67417

115.708 64
115.72829

115.751 23

115.791 43

115.84220

115.855 37

115.869 58

115.91813

115.995 62

116.007 70
116.01005

116.03908
116.063 12

116.066 86

116.097 31

116.105 09

116.161 84

116.161 84
116.16359

116.16610

116.16973

116.17214

116.17996

116.17996

116.189 14
116.19505

116.19944
116.21031

116.21535

116.219 57

116.221 62

116.23279

116.237 92
116.241 76

116.243 63

116.253 84

116.263 42

116.27201

116.274 47

116.279 44

116.285 58

116.290 09

116.29220

116.30821

116.314 47

116.36200

116.367 82
116.38575
116.417 93

116.433 56

116.436 14

116.469 40

116.48261

116.55670

116.60441

116.62764
116.629 77
116.640 62

116.700 25

116.776 65

116.790 14

116.816 20
116.888 84

116.935 09
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Index upper state lower state ó5­10º Int. Index upper state lower state
T(n, K ; ; fem"! /au. T(n, K ; JIJ)” (n,) K

P (2,
P (2,
P (2,
P (1,
R (0,

(1,
e,
(1,
2,
(2,

(O,
(a,
(1,
(1,
(a,
G,
e,
CG,
(o,
(o,

116.935 09 —­4.7 2573
116.936 52 0.0 o

116.936 53 —4.9 2709
117.01566 —1.3 3398
117.059 90 —0.8 4854
117.13219 —1.2 2621
117.14609 —O0.4 5631
117.23083 —2.8 1941
117.23563 0.0 3980

117.26021 0.3 1456

117.337 64 0.9 2135
117.347 99 0.3 2718

117.36761 —O0.8 2524
117.387 59 —1.4 2621

117.427 02 —O0.9 1553

117.442 40 —1.2 2135
117.487 26 —0O.1 3689
117.54539 1.1 1650

117.561 39 —0.9 4563
117.568 13 —0.8 3106

4726 R (1, —5 ;149) SR e, ; 119.96029
4727 R (1, ; 9) SR e, ; 119.984 15

4728 Q Q, ; 30) SR (1, ; 120.14499
4729 ;19) SR (1, ; 120.161 17
4730 ; 29) SR — (O, ; 120.165 72

4731 ;23) SR (1, ; 120.19962
4732 ; 38) SR (O, ; 120.310 97
4733 ; 22) SR — (O, ; 120.341 30
4734 ; 10) SR ea, ; 120.345 23
4735 ;15) SR (a, ; 120.36023
4736 8) SR (1, ; 120.393 84
4737 ; 29) SR (1, ; 120.403 93
4738 ; 33) SR 2 (1, ; 120.473 83
4739 ; 13) SR (o, ; 120.596 16
4740 ;21) SR (2, ; 120.61521

; 31) SR (o, ; 30) 120.61521

27) SR (2, ; 120.639 16

; 28) SR (1, ; 120.648 70

; 24) SR (o, ; 120.657 56

; 22) SR (O, ; 120.682 99

; 20) SR (1, ; 120.71331

; 26) SR (2, ; 120.725 54

; 23) SR — (O, ; 120.75368

; 25) SR (O, ; 120.80767
; 22) SR (1, ; 120.825 87

ie
­ P

4
A

dA
A

=
)

M
E

do
do

ao
o

+

EA
US

a
ua

a
us

ua
a

ua
E

W
rry

uo
Nu

Nd
bo

Nv
<o

m
Nm

4741

4742

4743

4744

4745

4746

4747

4748

4749

4750

P
P

P

P
N

rN
O

E 117.58070 01 776
117.629 28 0.8 6601

117.649 29 4.4 6601
117.688 03 0.1 970

117.730 79 —O.1 3495
117.778 60 0.1 5631

117.86968 0.5 5242
117.869 68 —8.8 5242
117.90251 —0.6 4854
117.92479 —1.1 4174

* — (0,
—(1,

A ­(,
+ (O,
(1,
—(o,
—(L,
(1,
— (0,

M
E

dE
3

4
do

do
a

a
x

P
rP

rP
O

N
N

H
O

N
M

N
M

4751

4752

4753

4754

4755

4756

4757

4758

4759

4760

4761

;27) SR, ; 120.878 96

; 20) SR (0, ; 120.888 96

;23) SR (1, ; 120.90404
;11) SR — (o, ; 120.981 27

(o, ; 120.990 53

—C(0, ; 120.995 60

—(1, ; 120.996 91

(1, ; 121.09466
(1, ; 121.12556

—(1, ; 121.13915

(1, ; 121.29568
4762 +— (0, ; 121.313 64
4763 —(1, ; 121.340 77

4764 ; (1, ; 121.34419
4765 ; (0, ; 121.351 04

4766 ; —(2, ; 121.378 79
4767 ;

:

; 121.389 01
4768 ; ; 121.39813
4769 ; ; 121.467 07
4770 ; ; 121.47228

*
*

(0,
+ (0,
(1,
o,
O,
(1,
(0,
(1,
— (1,
(1,

117.96277 —2.3 2912

118.038 62 —O0.8 1359
118.087 09 —O.4 4174
118.19215 0.0 6893

118.211 56 0.2 1650

118.25213 —0.8 6699
118.329 58 —O.3 4854
118.388 02 0.0 5922

118.416 51 —0.3 7378

118.547 38 —1.9 2233

118.550 15 —1.7 4757

118.613 50 —2.0 4271
118.680 23 —1.7 3689
118.747 50 —1.0 5048

118.798 30 —2.2 2427

118.804 50 —0.9 1747

118.81065 —O0.8 2135
118.81497 —O0.2 4854
118.82699 0.0 1844

118.98260 0.6 2427

OM
AN

AD
AD

ON
AR

AR
A

PA
PA

AN
PR

AA
PR

PA
A

AR
AA

AR
AN

A
AA

AA
A

A
A

A
AA

D
a M

O
N

O
O

r
E

E
N

D
O

IV
N

V
IT

IT
O

IT
IV

U
V

IO
D

O
IA

T
U

N
O

U
O

A
V

T
U

A
O

E
E

4
46

de
de

do
d+

do
x

I3
O

0
D

=

r
e
s
t

ER
S

Sea
s

a
ua

a
ua

Nua
a

a

(1,
+ (0,
Po,
—(1,
(1,
—(1,
—(1,
(1,
— (0,
Po,

do
de

4
de

de
e

de
3

do

4771 ; ; 121.48218
4772 ; 7 121.53318
4773 ; ; o) 121.55209
4774 ; ; 121.577 60

4775 ; ; 121.65411
119.01761 —1.2 2621 4776 ; ; 121.68399
119.028 87 —1.1 2815 aTT7T ; ; 29) 121.716 50
119.093 54 2.0 3495 4778 ; ; 121.769 12
119.093 54 —O0.3 3495 4779 ; . 121.78383
119.101 80 0.5 3786 4780 ; : 121.81208
11911059 — —0.6 4368
119.120 25 —O0.3 2038

119.14606 — —0.2 3106
119.15281 —2.1 970

119.19153 — —O0.7 6310
119.236 68 2.1 6504

EA
A

e
us

ua
Ju

a
ua

ea

4
A

A
ss

(0,
—(2,
(2,
(o,
(1,
(0,
+­ (0,
— (0,
(2,
—o,

*
4

*
..

4781 ; ; 121.845 89
4782 ; ; 121.879 07
4783 ; ; 121.939 32
4784 ; ; 121.948 94
4785 ; ; 121.955 27
4786 ; ; 121.970 03

119.33996 ——0.9 5533 4787 ; ; 121.97233
119.358 59 —O0.4 3883 4788 ; ; 121.998 69
119.430 20 —O0,4 4854 4789 ; 24) : 122.055 74
11946129  —1.2 3883 4790 ; ; 122.085 30
119.486 32 0.0 2135

119.49952 ——0.8 2621
11951798 —1.0 4174
119.71087 0.7 3980

119.71568 ——2.0 1650

119.753 45 —O0.7 7087
119.795 52 4.2 2233
119.800 30 —0.6 6116
119.86565 —O0.5 5145
119.916 49 0.8 1067

M
A

4
do

do
o

o
do

da
x

(1,
(O,
—(0,
+ (0,
—(0,
— Po,
(1,
—(1,
(1,

; 25) SR (O,
; 17) SR (o,
; 23) SR (2,
;15) SR (1,
; 22) SR — (O,
; 25) SR — (1,

M
od

e
de

do
do

do
x

*

4791 ; ; 122.133 52
4792 ; ; 122.137 42
4793 ; 28) ; 122.18338
4794 ; ; 122.200 27
4795 ; ; 122.20251

4796 ; ; 122.20251
4797 ; ; 122.207 97
4798 ; ; 122.214 27
4799 ; ; 122.286 15

4800 3; 122.297 61

EA
N

2a
aa

Sua
2

2
Jus

s
e

20
*

m
xb

E
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O
E
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D
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D5
0L
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G
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N
O

S
»

>
>

D
0

N
>

S
L

D
0

>
2

0
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G
o
o
L

E
O

S O
L

SS
NG

L
O

N
>

D
C

Z
O

N
M

O
M

ÂQ
N

N
EO

D
SD

D
>D

O
0D

LD
O

L
L

AO
AD

LD
AD

D

R

P

P

P

R

R
P

P

P

P

P

P

R

R

R

P

R

R
R

P

R

R
P

R

R

R
P

R

R

P

R

R

R

R

P

P

R

P

P

R

P

R

P

R

P

P

P

R

R

P

R
P

P

P

R

R

R

P

R

R
R

P

R

R

P

R
P
R
R
P

1

1

2

o

1

1

1

o

o

o,
2

1

1

1

o

3

1
o

2 4
do

do
do

do
a

do
o

4
x
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Index upper state
K.T (n, 1 JIJ)” (n K

lower state

; ID)” —l
Index upper state

T (n, K j

lower state

JIJ)“— (n, K ; ID)”

Mo
A

o
aro

de
do

do
do

o
x

4
A

4
A

A
A

x
E

a
a

a
ua

ua
ua

a
A

do
do

de
de

o
o

o
o

x
EC

RS
aa

ua
a

ua
ua

a
a

M
A

e
eo

o
do

o
+

a
M

E
o

do
o

o
o

dr
4

x
%

RN
A

A
x

Q
R (0,
P (2,
P (1,

A
A

A
E

E
E

E
E

=
N

N
E

N
E

N
EN

D
m

A
mA

mA
m

A

D
N

N
rE

N
E

N
D

P
O

D
A

s
s

=

rP
e
O

D
P

r
m

e
r

N
D

A

T
U

N
A

D
O

D
A

V
U

V
IT

U
T

V
A

D
U

O
U

ID
T

V
U

V
A

T
A

II
O

V
U

V
U

A
IA

T
A

D
O

D
J
O

D
O

D
D

O
D

O
O

U
D

N
O

T
O

D
O

D
O

O
Y

O
T

O
V

O
V

O
IT

O
O

re
)

R
A

R
A

AM
AR

NA
N

PR
IN

ER
AR

IN
ER

OA
AA

AA
PA

PA
PN

AA
AA

RI
AA

RA
R

AR
AR

A
A

E
E

E
N

O
O

P
rP

E
N

O
N

P
E

P
O

U
O

N
P

O
N

I
E

N
D

N
U

N
N

O

o
. Ms

O
|
.

3

4

9

3

9

[

o

9

3

3

9

9

1

3

1

9

7

3

6

9

3

9
3

9

3

2

9

1

7

3

9

3

9;
3.

3.

18) SR (1,
; 24) SR (O,

o
P

D 6
o

o

; 19) GR —(1,
; 21) SR (o,
; 20) SR — (o,

17) SR (1,
19) SR — (0,

;23) SR (1,
; 24) SR (1,

—(o,

—(,
Po,
(0,
+ (O,
+ (O,
(1,
(1,
(0,
po,
(1,

—(0,
(o,
(1,
(o,
(a,
Fo,
(1,

4

11

2

5

10

4

10;
8;

9

10;

4

—­4

8;
10;

10

4;
—2:.

10

—B:.

4

7

10;

4:

10;

4:

10;

4;

—­1;
10;

o;

4;

4

10;

4;

10;

4:

4;

»
rn

&M
rm

A
O

R
|
U

;18) SR
; 23) SR
; 20) SR
; 22) SR
; 20) GR
;17) SR

19) SR
22) SR

; 23) SR
18) SR

; 16) SR
;25) SR

34) SR
17) SR

; 26) SR
15) SR

; a) SP
;16) SR
;11) SP
; 14) SR
; 20) SR

15) SR
13) SR
14) SR
12) SR
13) SR
11) SR
24) SR
12) SR
27) SR
11) SR

+ 10) GR
11) SR
9) SR

10) SR
8) GR
7) GR
6) GR
5) GR

;18) SR
; 4) GR
;16) SR
; 23) SR
; 22) SR
; 29) SR

s) SR

m
M

M
E

M
E

D
R

D
>

N
G

G
2

0
2

R
2

0
W

H O
DO

ER
DU

LR
EO

S2
SH

C
N

b
o

m
N

E
N

Q
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R
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D
L

D
L

D
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R
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L
D
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D

R
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D
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D
D

D>D
D

DO
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BU
LD
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S

O
S

D
à
A

D
D

D
D

>
L
D

L
O

O
0
O

A
D 122.306 38

122.31579

122.32215

122.344 34

122.35419

122.398 86

122.41788
122.417 88

122.471 20

122.477 15

122.480 16

122.489 99

122.52671

122.53223

122.55091
122.55091

122.560 90

122.583 54

122.598 23

122.612 56

122.616 84

122.63092
122.665 34
122.674 48

122.71024

122.71449

122.748 21

122.748 21
122.75078

122.76596

122.775 50

122.779 86

122.78399

122.806 04

122.81365

122.827 64

122.845 04

122.859 10
122.870 09

122.87222

122.878 57

122.883 11

122.926 88

122.96220

122.977 55

122.997 62

123.032 30

123.058 30

123.106 88

123.12165

123.266 24

123.37439

123.457 48

123.48575

123.520 37
123.530 31

123.536 00

123.549 84

123.647 43

123.65219

123.72556

123,74423

123.78519

123.817 73

123.869 44

123.87791

123.928 25

124.001 64

124.01270

124.041 93

124.05576

124.11003

124.123 07

124.166 93

124.210 62
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—l
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13

(1,
— (0,
—(1,
—(1,
—(1,

(o,
—(0,
—(,
(1,
(1,
—(1,
O,
(1,
—C(0,
(o,

—(1l,
(1,
(1,
(1,
—(1,
—(1,
(1,
(o,
CO,
(o,

+ (o,
—(2,
+ (0,
+ (O,
2,
(1,

;12) SR
; 19) GR
; 23) SR
;28) SR
; 17) SR
;19) SR
; 24) GR
; 21) GR
; 6) SR
; 23) SR

m
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>

b
cN

H
N

D
E

D
L

D
O
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N
A

2
0
q
0
0
B

G
n

D
N

O
D
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M
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BÂ
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O

O
D

B
O

O
b
N

B
H

E
Â
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O

A
E

E
>

> 124.317 60
124.330 51

124.368 54

124.398 64

124.417 06

124.42971

124.451 48

124.54553

124.56670

124.596 26

124.62171

124.681 28

124.69221

124.72339

124.814 51

124.97700
125.004 78
125.090 59
125.10558

125.118 30

125.12051

125.12661

125.157 11
125.265 47
125.28331

125.301 47

125.369 40

125.42521

125.440 27

125.440 27

125.531 90

125.58338

125.61013

125.61634
125.65478

125.669 23

125.68415

125.818 54

125.83873
125.85277

125.945 37

125.971 75

125.98576

125.98576

126.004 37

126.030 42

126.035 35

126.128 59

126.13319
126.163 52

126.256 52

126.264 54

126.27333

126.361 43

126.384 09

126.384 09
126.55270

126.57708
126.661 38

126.661 38
126.676 65

126.702 30

126.703 44

126.717 46

126.749 72

126.803 99

126.819 49

126.94219
126.953 06

127.000 38

127.01211
127.13232
127.19503

127.211 57
127.228 32
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* 5021

4951 R (2,
4952 P (1,
4953 R (1,
4954 P (1,
4955 R (1,
4956 R (0,
4957 P (1,
4958 R (O,
4959 P (2,
4960 P (2,

a,
Gs,
a,
e,
a,
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(o,
(1,
a,
a,

CG,
(o,
CG,
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Ga,
e,
(o,
e,
(1,
(a,
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(o,
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a,
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(1,
a,
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(1,
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(1,
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4962
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4969
4970

4971

4972

4973

4974

4975

4976

4977

4978

4979

4980

4981

4982

4983

4984

4985

4986

4987

4988

4989

4990

4991

4992

4993
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4995

4996

4997

4998

4999
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Oo

co
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Oo
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Oo
Oo
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|
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Y
V

O
o

r
o

n
r
O

o

5001

5002

5003

5004

5005
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5007

5008

5009

5010

5011
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5013

5014
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5016
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5018
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5020

o
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A

O
db
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o

0
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o
o

o
i
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a

o
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A
X
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5022

5023 R (0,
5024 R (1,
5025 P (1,
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O

D
T

U
T

V
A
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U

O
U

T
O

X
O

O
D

O
N

D
O

T
O

T
ID

O
O

II
N

O
II
A

D
O

T
O
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O
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O

D
O

T
II

A
T
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TT

I
VA

TV
TU
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IT

U
N
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A

V
V

U
V

A
U

U
M
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O
o
N

O
m
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7) GR;

;18) SR
;15) SP

7) GR
; 20) SR
; 27) SR
; 21) GR
; 22) SR
; 31) SR
; 20) SR

9) GR
;18) SR
;16) SP
; 20) SR
; 19) SR
; 149) GR
; 34) GR
; 33) SR
; 22) Sº
; 20) GR
; 20) SR
; 36) SR
; 14) GR
;11) SR
; 10) SR

5) GR
;29) SR
;18) SR
;28) SR
; 26) SR
; 16) SR
; 28) GR
;21) SR
; 17) GR
; 25) SR
; 24) SR
;26) SR
;23) SR
;2nm SR
; 22) GR
; 21) GR
;15) SR
; 20) GR
;19) SR
; 28) SR
; 31) SR
;18) SR

8) GR
; 27) SR
;17) SR
;16) SP
;15) SR
;16) SR
; 26) SR
;14) SR
; 17) GR
; 13) GR
;21) SR
. 12) GR
; 11) GR
; 10) SP
; 23) GR

9) GR
; 30) SR
; 20) SR
; 19) SR

—(1, —2
—(0, 5
a a
—(o, —8
(1, 8
—(0, 13
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—(0, 12
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(1,
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(0,
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(O,
(1,
(o,
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(1,
(1,
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(0,
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(o,
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o,
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(0,
(1,
(1,
po,

— (O,
Fo,
(1,
Po,
(O,
Fo,
(o,
—(1,
+ (0,
(o,

”

B
A

R
O

N
O

(O
D

O
O

U
N

(l
O

L
N

L
A

(À
W
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k
O

W
O

O
0
O

0
N

M
O

O
O

O
H

O
O

N
O

U
O

O
O

U
O

O
O

U
O

C
O

C
O

A
M

N

(o,
Po,
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(2,
—po,
a,
(1,
o,
(1,
Po,

­
U

E
N

)

a,
(1,
po,
(1,
— (O, m

E
M

H
O

H
M

H
A

N
N

N
O

N
N

O
D

O
A

O
M

U
G

E
N
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ZA

0O
HD

M
L
O

m
N

M
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N
H

N
O

N
N

O
M

ME
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SC
OR

S
D

u
W

O
O

O
D

L
R

D
D

D
A

D
O

W
G

u
r
u

NH
O

ES
O

O
q

»
>

N
>

D
tO

>
O

H
b 127.243 69

127.303 90

127.380 84

127.42205

127.467 97

127.487 43

127.50565

127.540 15
127.58246

127.600 04

127.696 12

127.71131

127.717 38

127.73337

127.83263

127.838 95

127.90693

127.933 40

128.01211
128.04161

128.099 87

128.16260

128.17490

128.230 83

128.24985

128.286 53

128.352 44

128.374 09

128.487 30

128.49988

128.536 15

128.565 38

128.58341

128.597 06

128.698 77

128.698 77

128.70218

128.704 49

128.710 47

128.714 37

128.72833

128.73213

128.74681

128.768 84

128.778 60

128.787 04

128.794 46

128.80210

128.814 88

128.82311

128.854 29

128.887 59

128.901 23

128.90971

128.92228

128.949 05

128.957 79

128.98433

128.99378

129.029 36

129.06391

129.093 08

129.097 35

129.16063

129.167 72

129.21178

129.254 37

129.29377

129.306 11

129.39220

129.40985

129.416 02

129.450 49

129.60261
129.639 39
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A
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D
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E
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D
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E
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O
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D
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D

8
N

D
D
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D
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D

L
A
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D

O
D

O
R
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DO

W
MM
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N
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Q
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U

N
M
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U
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D
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q
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L
D

D
U

H
H

Wo
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O
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E

N
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D

e
b
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b 129.647 18

129.661 95
129.694 74
129.770 32
129.825 88

129.866 94
129.88216

129.950 85
129.99376

130.118 51

130.128 65

130.15470
130.234 51

130.265 29

130.328 76

130.345 70
130.359 35
130.367 12

130.411 86

130.422 87
130,49461

130.590 18

130.600 60

130.644 25

130.720 68

130.738 62

130.806 66
130.820 82

130.824 99

130.875 87

130.880 94

130.988 02

130.992 62

130.996 14
131.055 76

131.194 72
131.265 84

131.27975
131.343 86

131.363 57

131.391 32

131.405 48

131.405 48

131.408 01

131.426 56

131.426 56

131.454 97
131.491 83
131.538 10

131.594 76

131.609 20

131.662 32

131.69221
131.700 25

131.72571

131.741 96

131.83440
131.86973

131.904 54

131.91310
131.91578
131.92336

131.939 68

131.961 09
131.998 58

132.01491
132.034 96
132.058 98

132.191 58
132.193 55
132.227 39
132.280 54

132.287 26
132.31672

132.339 36
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Su
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5151

5152

5153
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5155
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5157
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8172

5173

5174

51754%
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A
A

R (1,
P (2,
P (3,
P (2,
P (1,
Qe,
R (0,
R (1,
R (1,
Q ,

P (1,
R (2,
Q ec,
P (1,
P (1,
R (0,
P (2,
R (1,
P (1,
R (1,

Qe,
P (2,
R (0,
P (3,
P (2,
Qe,
R (1,
R (0,
R (2,
R (1,

P (1,
P (2,
R (1,
R (1,

GC,

Q e,
QCG,
oe,
P (1,
Q e,

6

—­2

4

—l

­3

3

—10

—­s5

—­8

3

6
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3

9

5
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4

2

—6

7

3
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3
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1
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A

S
h
R

A
R

A
N
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R
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A

R
A
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O

R
R

A
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h
b
o
e
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b
h
h
o

12) SR
;17) SR
; 15) GR
117) SR
;18) SR
;2n) SR
; 37) SR
;22) SR
;17) SR
;28) SR
; 13) GR
; 23) GR
; 29) GR
; 19) GR
; 25) GR
; 32) GR
;11) SR
; 36) SR
; 17) SP
;13) GR
; 30) GR
; 15) GR
; 31) SR
;13) SR
; 18) GR
; 31) SR
;19) SR
; 34) SR
;11) SP
; 24) GR
; 14) SP
; 12) SR
; 31) SR
; 30) SR
; 26) SR
; 23) SR

7) GR
; 14) GR
;13) SR

(1,
—(l,
2,
—(1,
(0,
(1,
— (0,
—(,
(1,
—(l,
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—(1,
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—(1,
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(a,
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(0,
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(1,

5

—­l

5

o

—4

6

—9

—­4

—=7

6

7

6

10

6

­
|

N
E

)
U

A
N

O
R

A
R

O
G

O
r
N

O
R

U
U

R
A

R
U

V
N

O
Á

O
O

N
O

M
o
n

U
U

U
n

A
à

A
U

U
U

N
U
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A
A

Q
a
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U
O

U
A

N
A

a
o

;11) SR
;18) SR
;16) SP
; 18) SR
; 19) SR
; 27) SR
; 36) SR
;21) SR
; 16) GR
; 28) GR
; 14) GR
; 22) GR
; 29) SR
; 20) SR
; 26) SR
; 31) SR
; 12) SR
; 35) SR
;18) SR
;12) SR
; 30) SR
;16) SR
; 30) GR
; 14) SR
; 19) GR
; 31) SR
; 18) SR
; 33) SR
; 10) SR
; 23) SR
; 15) GR
;13) SR
; 30) SR
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H
O 132.351 55

132.427 50

132.45799
132.45799
132.477 64

132.501 68
132.533 59

132.56731
132.57988

132.678 67

132.708 69
132.74222
132.870 35

132.891 60

132.91367

132.929 94
132.954 80

132.96681
132.989 31
132.989 31

133.076 33
133.220 42

133.256 38

133.28125

133.296 47
133.298 88

133.403 12

133.46279

133.471 59
133.496 47

133.501 64

133.51584
133.561 01
133.651 31

133.740 94
133.750 04

133.837 44

133.860 68
133.887 94
133.894 87

133.969 48

134.031 78

134.036 19

134.038 58

134.073 00

134.12573

134.147 75

134.165 57
134.167 82

134.256 26

134.260 14

134.266 40

134.274 42
134.284 20

134.291 00

134.295 29

134.307 76

134.321 25
134.335 43

134.350 70

134.352 06

134.36691

134.388 41

134.39243

134.409 77

134.41216

134.42571

134.441 O8

134.455 89
134.470 14

134.483 59

134.496 31
134.508 15
134.51666

134.519 03

—Oo.6 7281
—O0.7 5339

3.9 9029

1.7 9029

—O0.5 4660

0.6 1747
—O0.6 1359

—0.6 4951
—0.1 6796

1.1 1747

—O0.6 5436

—3.8 1650
—0.2 1359

1359

1553

1844

6116

1553

8349

8349

2233
3398

3592

4854

2135

1553

1747

1650

6213

3883

6699

5339

2815

1456

4951

3300

4077

5533

8155

2427

3106

5145

3009

4563

1456
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1553
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1456

1747

1844
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PQ, ;10) SR (1,
Q e, ; 5) SR e,
R (1, ;14) SR (1,
P (1, ; 16) SR — (o,
R (0, ; 32) SP — (0,
P (2, ; 14) SR (1,
P (3, ;12) SR — (2,
PQ, 17) SR (2,
R (1, ; 20) SR (1,
R (1, ;25) SR (1,
R (0, ; 35) SR (o,
R (2, ;12) SR e (1,
P (2, ;11) SR ea,
P (1, ; 13) SR — (o,
R (1, ;: 32) SR (1,
P (2, ; 30) SR (2,
R (1, ;31) SR (1,
R (2, ; 8) SR (1,
R (1, ; 14) SR (1,

(1, ; (o,
e, ; (2,
(1, ; + (O,
GC, ; (1,

(3, ; —2,
GC, ; —(1,
a, ; (0,
a, ; (1,

(a,
+ (O,
—(1,

IO
T

U
T

O
T

O
U

V
T

O
Q

D
II

O
U

T
IT

O
T

O
V

O
IT

U
V

U
T

D
O

IN
UT

VO
NV

UO
UU

V
T

O
T

IT
ID

T
U

O
O

T
U

O
U

O

7) GR
; 6) SP
. 11) GR

5) GR
;13) SP
; 17) GR
; 81) GR
; 15) GR
; 13) SR
; 18) SR
; 19) SR
; 24) SR
; 34) GR
; 11) SR
. 12) GR
; 14) GR
; 31) SR
; 31) GR
; 30) GR
; 1) SR
; 13) SR
;23) SR
; 27) SR
; 14) SP
;16) SR
; 14) SR
;16) SR
; 23) SR
; 23) SR
; 18) SR
; 17) SR
; 24) GR
; 29) SR
; 30) SR
; 24) SR
. 25) GR
. 12) GR
; 29) SR
; 10) GR
; 18) GR
; 14) SR
; 28) GR
; 31) SR
; 16) SR
; 20) SR
; 27) SR
; 32) GR
; 14) GR
; 17) GR
; 12) GR
; 25) GR
; 26) GR
; 12) GR
; 25) GR
;11) SR

m
a

O
P

iíú
áw

us
oO

oN
(L

O

: 24) GR
; 13) GR
; 32) GR
: 30) GR
; 23) GR
;14) SR

8) GR
. 22) GR
; 21) GR

4 ;26)6R
5 513) GR

; 20) GR
37;22) GR

—5 ;19) GR
oO ;15) GR
5 ;13 SR

—1 ;15) SR
—5 ;18)SR
—4 ;24)SR

3 +; 22) GR

134.528 96

134.537 68

134.544 02

134.545 39

134.578 51

134.630 47

134.821 47
134.827 81

134.861 59

134.867 32

134.88168

134.987 99

135.021 06

135.026 97

135.106 45

135.129 87

135.167 42

135.205 29

135.27239

135.391 17

135.41381

135.471 73

135.47310
135.489 98
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135.61920
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135.839 92
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135.97223
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136.473 66
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136.789 88
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137.051 17
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137.12035
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137.265 30
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a,
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O
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T
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;an) GR
; 20) GR
;16) GR
; 26) GR
;15) SR
; 30) SR
;15) SR
; 22) SR
; 14) SR

(1,5
(1, 7
(1, 5
—(,
— (O,
— (O,
(1,
(o,
—(,
—(1

(1
(1
(1,
—o,
+ (o,
(1,
(1
— (0,
(1,
—(1,

—(1,
—(1,
—(1,
(0,
—(1,
(1,
(o,
—o,
— (0,
—(1

2,
—,
—(1,
po,
(1
(o,
(1,
—(2,
o,
(1,

+ (0,
(1,
(1,
(0,
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(0,
—(,
—O,
(1,
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(o,
(1,
(1,
(1,
(o,
(O,
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(0,
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(o,
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U
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a
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M
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137 32787

137 358 48

137 38388

137 39074

137 40866

137 426 30

137 434 89

137 44279

137 48028

137 496 69

137 52073

137 55666

137 58831

137 59126

137 61340

137 61610

137 64041

137 651 04

137 661 60

137 67955

137 694 89

137 707 47

137 71674

137 76092
137 77611

137 801 66

137 86252

137 88537
137 901 30

137 95372

138 008 45

138 01996

138 03205

138 06181

138 13776

138 248 50

138 28210

138 37361
138 37545

138 400 87

138 42301
138 42891

138 48655

138 58665

138 62930

138 73698

138 73885
138 77826
138 77826

138 830 87

138 87935

138 87935
138 89545

138 94205

138 96239

138 97389

139 01076

139 02775

139 04365

139 13183

139 23259

139 241 33

139 24341
139 296 47

139 300 46

139 346 07

139 38155
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139 428 08

139 44020
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(3,
,
(2,
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—=7
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8
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=7

3

—=7

6
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; 156) SR —(0, ; 15) GR
—(1, ; 12) GR
(0, ; 14) SR
—(1, ; 14) GR
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(o,
(1,
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A
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O
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139 60473
139 62930

139 676 01

139 69373

139 72824

139 74060

139 79881
139 85091

139 867 24
139 897 77
139 91477
139 938 80

139 958 26

139 974 57
139 99271

140 026 94
140 02926

140 206 89
140 341 99
140 35471

140 357 13

140 35943
140 42663
140 47985

140 49542

140 51494

140 56676
140 56676

140 57281

140 651 38

140 667 63
140 674 33

140 845 30

140 88239
140 897 47

140 996 68
140 998 72
141 00568
141 14933

141 15664
141 16214
141 17505

141 22370
141 25067

141 34621

141 38416

141 45070
141 54214

141 56152

141 60623

141 665 34
141 78518
141 927 94

141 93502
141 94168

141 968 43
142 01938

142 050 03

142 061 98
142 06546

142 06546
142 07938

142 11035

142 11885
142 17528

142 190 44

142 24498

142 28687

142 30088

142 30971
142 34160

142 36217
142 39477

142 446 42
142 45215
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142 69155

142 71977

142 739 34
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142 778 43
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143 089 56
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143 36299
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144 45891
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; 18) GR
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upper state lower state || Imdex upper state lower state
(n,K ; JN)“ = (n,) K ; JIJ)” . T(n,K ; JJ)”(n, K ; J)*>|

; 8) SR (O, ; 9) SR
;16) R —(1, à ;15) SR
;17) SR — (2, ;17) SR
; 16) SR — (2, ;16) SR
;15) SR (2, ;15) SR
;149) SR (2, ;149) SR
;13) SR — (2, 113) SR
; 12) SR (2, ; 12) SR
;11) SR — (2, ;11) SP
; 10) SP — (2, ;10) SR

9) SR (2, 1 ; 9)SR
; 16) SR — (0, ;15) SR

8) SR — (2, 8) SR
7) GR —(2, 7) GR
6) GR (2, 6) GR
5) GR — 2, 5) GR
4) SR — (2, 4) SR

; 3) Re, ; 3) SR
; 21) SR (O, ; 22) SR

2) GR OQ, 2) GR
3) GR (1,

; 23) SR (o,
; 26) SR (1,
; 22) SR (2,

5) SR (0,
; 18) SR (2,
; 29) SR (2,

5) SR (2,
; 27) SR (O,

7) SR (1,
; 24) SR
;16) SR
;15) SP

7) GR
; 5) GR
; 32) GR

(1, ; 23) GR
e, ; o) GR 8) GR
e, ; o” GR ; 6) GR
(a, ; 28) SR ; 29) SR
a, ; 27) SR ; 26) SR
(1,­3 ; 8) SR ; 9) SR
(1, ; 14) SP 37;15) SR
(1, ; 14) SR ;15) SP
(1, ; 30) SR ; 29) SR
e, ; 8) GR ; o) GR
(3, ; 3) GR ; 4) GR
(1, ; o) GR ; 10) GR
(2,­1 ;21) 8 ; 20) CR
GC, 16) SP
G, ; 28) SR
, ; 19) SR
(1, 8) GR
(1, ; 22) SP
(1, ;16) SR
(1, ;22) SR
2, ;26) OR
(a, ;21) SR
(1, ; 23) SR
e, ; 22) SR
Q, ;18) SR
GG, ; 29) SR
a, ;23) SR
(3, 5) SP
(2, 7) SR
e, . 24) GR
(2, ;16) SP
a, ;15) SR
GC, ; nm) SR
(1, ;27) SR
(1, ; 5) SR
(1, ; 32) SR
(1,
e,
GQ,

U +(1,
CG,
e,
2,
2,
CG,
e,
2,
[E
e,

GC,
a,
CG,
e,
CG,
2,
e,
CG,
(a,
e,

e,
(1,
(2,
CG,
(1,
e,
(3,
(3,
(1,
Q,

GC,
GC,
(1,
e,
(1,
(1,

147.620 41
: Qe, ;35) SR (1, 37;35) SR

147.625 20 R (1, ; 31) SR (1, 4 ;39) SR
147.630 11

. qe ;38) SR 2 (1, 3+;35) SR
147.644 27

. PQ, ; 27) SR (0,­5 ;28)GR
147.657 53

. Qe, ; 34) SR (o, ; 34) SR
147.669 76

Qu ;39) SR (1 ; 34) GR147.68113 P (1, 3 7” GR (0, ; 8) GR
147.691 54 Qe, ; 34) SR (1, ; 34) GR
147.701 04 Q (2) ; 34) SR a, ; 34) SR
147.709 57

. R(1, ; 28) GR a, : 27) GR
147.717 38

| Qe, ;33) SR (a, ;33) SR
147.721 65

:
Qe ; 33) SR (1, ; 33) SR

147.724 09
|

* P (1, ; 23) SR ço, ;24) SR
147.730 12

:
CAÇA ; 33) SR (1, ; 33) OR

147.735 04
À

qe, ; 33) SR (1, ; 33) SR
147.739 37 P (1, ;13) SR —(o, ;14) SR
147.74270 P (1, ;13) SR (o, ;14) GR
147.745 21 PQ, ; 7) SR, 8) SR
147.747 24 Qe, ; 32) SR (1, ; 32) SR
147.747 24 Qe, ; 32) GR —(1, ; 32) GR
147.768 37 Qa, ; 32) SA (O, ; 32) SR
147.785 02 R Q, ; 18) SR (1, ;17) SR
147.802 58 qe, ; 32) SR (1, ; 32) SR
147.875 92

.

qe, ; 32) SR (O, ; 32) OR
148.022 06

.

R O, ; 22) SR O, ;21) SR
148.095 59 Qua, ; 31) SR (1, ; 31) SR
148.12610 Qe, ; 31) SR —(1, ; 31) SR
148.238 01 Qe, ; 31) SR (1, ; 31) SR
148.259 97 Q e, 31) SR — (1, ; 31) SR
148.267 44 P (3, ; 26) SR (2, ; 27) SR

R (1, ; 18) SR (o, ;17) SR
PQ, ;17) SR ea, ; 18) SR

148.348 83 qe, ; 30) SR (1, ; 30) SR
148.37291 qe, ; 30) SR (1, ; 309) SR
148.384 84

'

Ro, ; 30) SR ; 30) SR
148.41267

. * Qe, 30) SR —(1, ; 30) GR
148.442 32

. P (1, 6) SR ;o7) GR
148.633 09

. P (1, 20) GR —(0, ; 21) GR
148.670 84

À QQ, 29) SR — (1, ; 29) SR
148.735 72

: Qe, 29) SR (1, ; 29) SR
148.744 48 Q e, 29) SA ; 29) OR
148.766 25

À

oe, 29) SR ; 29) SR
148.875 34

.

R, 24) SR ; 23) SR
148.894 78 a 31) Sº ; 31) Sº

; GR GR
148.918 14 e, 28) ; 28)

149.000 22 e, 28) SR ; 28) SR
149.047 41 e, 28) SR ; 28) SR
149.055 72 Q, 28) SR ; 28) SR
149.062 59 Q, 24) SR ; 25) SP
149.11805 Q, 20) SR ; 21) SR

2, ;27) GR ;anm GR
Q, ; 27) SR

;am GR
; 27) SR

150.239 62

150.24205
150.260 13
150.353 50
150.361 50

150.361 50
150.37255
150.378 56
150.378 56

150.406 86

150.478 97
150.478 97

150.483 40
150.49329

150.493 29

150.51508

150.528 97

150.570 36

150.588 49

150.588 49

150.594 17
150.600 22
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150.702 47
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150.759 87

150.790 04

150.790 04

150.798 54
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a

a
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rn148.27073

148.347 13
; 25) SR
;17) SR
. 16) GR

8) GR
6) SR
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A
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E
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151.021 20
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151.04981
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151.054 32

151.054 32

151.09321

*
M

E
A

a
o
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149.135 20

149.18294

149.226 57

149.233 00

149.236 89

149.264 17

149.41269
149.42263

149.455 15
149.458 89

149.67274

149.72418

149.789 17

149.81136
149.847 26
149.856 08

149.919 12

149.935 14

149.956 44

149.979 05

149.979 05

149.99521
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151.11294

151.12572

151.12572

151.129 89
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151.12989

151.19707
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151.199 90

151.199 90

; 26) GR
; 26) SR
; 26) SR
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; 22) SR
;25) GR
;25) CR
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+
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U

A
M
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B
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R
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N
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X

151.249 64

151.263 52

151.263 52

151.265 89
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151.31529

151.32165

151.325 56

151.32556

151.327 54

; 24) GR
; 24) SR
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upper state lower state 6D­10º Int. Index upper state tower state P ói­10º9 Int.
(n, K ; JJ)” (n, K ; /em”! /a.u. T(n, K ; JJ)” (n, K ; fem"! /em”*! /au.

(2, 4 +t;23) SR (1,
(2, 47;22) SE (1,
(2, 4 ;2) SR (1,
(2, 4+;22) SR (1,
(2, a ;2) SR (1,
(1, 2+;25) SR — (o,
(2,­1 ; 5) SR e,
(2, a ;2) SR e,
2, ; 22) SR (2,
2, 4 ;2) SR,
(2, ;14) SR (1,
(1, —“(0,
e, —(a,
(2, —(1,
(2, —(1,
Ce, —(1,
(1, —(o,
e, —(1,
e, (1,
(1, —“(0,

GC,
e,
GC,
GC,
GC,
GC,
e,
e,
GC,
GC,

e,
e,
e,
(1,
(1,
(1,
(1,
OC,
a,
(a,

e,
(1,
(1,
GC,
CG,
a,
(a,
Gs,
GC,
GC,

(a,
2,
GC,
(1,
(a,
e,
GC,
ec,
a,
CG,

(1,
e,
a,
a,
e,
Q,
GS,
e,
e,
[(€

a,
e,
e,
e,
(1,

151.327 54 0.0 6310

151.38299 ­4.0 o
151.38369 1.6 6601
151.384 48 —2.0 5547
151.384 48 —5.0 5535

151.38988 2038

151.42605 .5 2330

151.437 96 .8 8932

151.441 28 .1 3495

151.487 56 .5 9320

; 28) SR (1,
; (1,
; (0,
; — (1,

o,

ga,
QG,
Qua,
R (2,
P (1,

Q,
R (2,
P (2,
P (1,
ge,
P (1,
qe
Q e,

153.160 19 .4 4368

153.236 06 .6 5339

153.289 38 .2 3203
153.297 82 .o 1747

153.30519 .2 2718

153.307 69 .O 6019

153.317 30 .6 2330

153.31943 .6 1456

153.369 77 .3 1456

153.37476 .3 5825

153.408 64 .5 3495

153.437 61 .1 6893

153.496 36 .3 6893

153.500 84 7281

153.527 78 .1 6310

153.551 36 .O 6601

153.573 30 .2 6601

153.59553 .3 2135

153.602 52 .1 6699

153.650 19 .O 6893

153.690 15 .3 4077

153.694 39 1 7184

153.696 33 .4 3398

153.72515 .O 2718

153.735 50 1 7475

o
o
o

o
4

+

(1,
—(1,
—(1,
o,
(1,
—ío,
—(1,
—(1,
(0,
(1,

151.494 98 .5 3009

151.52592 .3 4174

151.53371 .8 9417

151.538 38 .2 5048

151.57641 .1 9029

151.61586 .5 8834

151.650 07 .6 6310
151.65220 .6 8834

151.68541 .5 8640

151.695 37 .6 3398

M
E

E
o

a
do

ao

Ú

*

O

LN
al

Lx
] —(1,

(o,
(0,
—(1,
—(1,
(1,
—(1,
— (0,
(o,
—(1,

(1,
Re,

(1,

151.71535 .8 9708

151.74415 .4 8834

151.74415 .5 8834

151.769 04 .8 9417

151.771 41 .1 7184

151.791 95 .4 8640

151.81256 .3 8543

151.830 90 .1 8834

151.847 15 .1 8640

151.861 34 .4 7864

3%
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E
do

do
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do
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W
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b
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O
b
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o
s
h
n
a
N

v
N

A
U

M

(o,
—o,
(1,
(O,
po,
(0,
—(1,
(1,
(1,
(1,

153.755 36 .O 2038

153.75773 .6 1456

153.76411 .7 3203

153.77343 .5 7572

153.777 25 .5 6213

153.78365 .1 6699

153.788 51 .8 5048

153.808 55 .6 7669

153.840 79 .8 7766

153.870 55 .8 8640

t

E
E

e
de

o
o

do

+

151.87365 .3 7961
151.884 08 .O 7669

151.892 86 1 7281
151.93277 .O 2815

151.967 91 .9 1844

151.97482 .4 6407

151.97482 6407

152.070 22 .7 6019

152.079 64 .2 3495

152.121 06 970

152.140 22 . 873

152.149 09

152.15876

152.208 88
152.240 53

152.25472

152.267 62

152.328 12

152.33873

152.365 38

m
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A
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a
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E
E

A
2

S
S

ES

o,
(1,
—(1,
(1,
—e,
(1,
(1,
(O,
(1,
(1,

153.874 80 .6 4368

153.897 47 .5 8252
153.917 36 .3 1941
153.92216 .O 7864

153.92216 TB64
153.944 30 .7 8252

153.964 43 .1 8252

153.98241 .4 7669

153.998 33 4 7572

154.01228 7766

154.014 45 .5 2815

154.024 38 .7 7572
154.034 62 .3 7087

154.037 44 .6 4368

154.043 08 .2 6116

154.04965 .6 4854

154.159 29 11 1067

154.18523 .6 4660

154.205 46 .2 3883

154.233 24 .1 3203

154.318 36 .6 4757

154.318 36 4 4757

154.37293 .1 6019

154.40275 .4 4854

154.414 40 .O 3398

154.437 79 .6 4854

154.49323 .2 4854

154.51491 .3 2038

154.544 44 .2 4951

154.580 47 1941
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152.41331

152.449 09

152.484 32

152.52229

152.549 55

152.597 53

152.62364

152.627 95

152.65610

152.704 70

ES
A

a
au

a
ua

ua
au

Su
À

+ (0,
o,
(1,
(2,
(o,
o,
o,
—e,
(o,
(1,

—eO,
(o,
(0,
(1,
e,
(1,
(o,
(o,
e,

+

E
a

D
a
a
e

e
a
e

e
a

a
De

e
e

a
a

e
e

a
a

a
e

e
a

a
a

e
a

i
a

a
a

re
rs

a
a

a
a
o

P
r

N
N

H
E

N
N

H
N

N
N

N
N

N
N

N
U

O
N

N
N

E
P

N
o

N
N

EL
E

N
H

E
S

N
N

E
E

N
D

N
N

P
D

D
a

H
r

ME
E

eo
o

ato
dé

ro
o

ao
x

»P

152.758 56

152.806 42

152.81020

152.81404

152.826 38

152.90273

152.91912
152.993 52

153.00381
153.026 03

m
m

s

C
R

S
)

m
—

—
C

E
)

o
do

do
do

o
x

M
oe

4
dr

do
do

dr
do

o

= |

J
V

J
A

L
A

S
O

O
J
IN

O
J
y
Y

e
N

N
O

A
A

O
N

Y
V

IJ
4

J
O

N
D

N
1N

N
PR

OD
M

D
O

N
N

N
H

N
O

N
A

N
Y

Â
N

N

154.610 44 .3 3592
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154.696 47 .O 3203

154.71673 .3 4271
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Index upper state lower state D óv­109 Int. upper state lower state 65­10 Int.
T(n, K ; JJ)” (n, K ; o fem” /em”"*º /au. T(n, K ; IJ)” (n, K ; J)* fem” /cm”"* /au.

154.796 03 —O0.2 5145
154.80173 1.0 3300

154.838 16 0.4 3009

154.850 39 —O.7 1941
154.859 84 4.2 6019
154.859 84 —2.5 6019
154.87313 0.7 3009
154.90681 —O0.1 4077
154.91551 —0.7 4854
154.938 95 —O0.2 3883

154.94331 0.6 3495

154.963 43 —O.1 4660
154.96974 —O0.7 4757
154.97216 —O0.6 6310
154.999 O9 .2 4174

155.004 19 .3 3495
155.017 03 .9 1650
155.027 16 4660

155.038 92 1 2815
155.053 84 4757

155.079 23 .O 5145

155.10329 2 5533

155.117 44 .8 3786
155.126 04 .2 5825

155.147 48 .4 5922
155.167 70 .O 7669
155.167 70 1 7669

155.18670 .O 6019
155.20441 6213

155.216 06 3883

155.218 55 .O 2912
155.220 92 .1 6310

155.236 22 6213
155.250 33 .1 6310
155.25033 .2 6310
155.263 17 .1 5922
155.274 80 .1 6019

155.28524 .O 6019

155.294 58 .2 5825
155.30275 .3 5436

155.30968 .8 4563

155.31524 .1 3592

155.373 34 .2 4660
155.39228 .2 1844
155.39981 .4 6019
155.40412 .1 6504
155.459 92 .5 2815

155.497 47 .8 1747
155.503 53 .1 3009
155.517 42 .6 2815

155.538 90 .2 3203
155.578 56 .9 3883

155.66875 .4 1165
155.671 04 .0O 3689
155.686 88 .3 1650
155.78695 4077
155.78695 4077
155.798 22 .4 3980
155.83383 .O 2038
155.836 99 .5 2718

QU, 6 ;12) SR (O,
QG,
QG,
R (2,
R (2,

(1,
G,
(3,
a,
G,

(1,
(1,
GG,
e,
G,
(1,
GC,
G,
a,
G,

GS,
GS,
(1,
G,
(,
a,
G,
G,
G,
a,

(1,
GG,
(3,
G,
(1,
(Gs,
(3,
(3,
G,
G,

GG,
(3,
CG,
(a,
(1,
a,
a,
e,
(a,
G,

(1,
GC,
e,
(1,
(1,
(1,
GC,
a,
(1,
(2,

GC,
(1,
(1,
(1,
a,
CG,
(1,
Q,
(1,
(1,

(a,
GG,
a,
GC,
(1,

; 18) SR eo, ;19) SR E 156.17829 0.4 4563

; e, ; 156.19466 0.3 3689

—(o, ; 156.239 83 0.1 5048

—(1, ; 156.239 83 .9 5048

—C(0o, ; 156.258 95 .T 5533

—(1, ; 3) 156.27283 .5 2912

—(1, 156.27283 .o 2912

(o, 156.315 08 T AT5ST

Fo, 156,36218 .3 5436

— (0, 156.363 66 1 3416

(1, 156.397 40 .1 3106

(1, 156.402 54 .2 5922

(1, 156.402 54 .9 5922

(1, 156.453 26 .9 2524

(o, ; 156.460 86 : o

(O, ; 156.482 54 4271

+ (O, ; 156.516 77 .3 1165
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160.98461

160.998 54

161.024 96

161.030 57

161.048 64

161.07972

161.11112

161.118 40

161.201 67

161.226 98

161.226 98

161.280 06

161.295 22
161.338 03

M
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3
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4
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*
*
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T

O
D
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R

O
D

O
D

O
T

O
D

O
T

U
IO

T
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N
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; 16) GR
; 27) SR
; 30) GR
. 22) GR
; 22) SR
; 15) GR
; 14) GR
; 26) GR
; 13) GR
; 12) SR

+—F(0o,
+ (0,
—(,
e,
—O,

—(0,
o,
(o,
+ (o,
—(0o,
(0,
Po,
—(0o,
—(1,
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— (0,
(0,
(0,
— (0,
(1,
(O,
(0,
(1,
02,
(o,

+ (0,
(0,
O,
(1,
(0,
(0,
(0,
(o,
(1,

—2,
po,
—(1,
o,
(2,
— (0,
Po,
(1,
(O,
(1,

Fo,
(2,
(O,
a,
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(o,
+ Fo,
(1,
O,
(o,

+ (o,
+ (o,
(o,
(O,
(O,

—­7

—4

6

2

2

—=7

—=7

—­4

—=7

—­7

—4

—=7

—B

5

—5

—=7

—4

1

—2

—­7

—=7

4

1

3

—­4

—2

o

2

1

—­3

—

—4

4

­4

3

—­4

7

4

9

M
m

M
N

C
Q

G
N

Q
N

L
Á

IO
E

S
G

NF
NV

UQ
E>

S
E

R
O

N
>2

O
N

H
D

E
r
b
>

>
E

L
O

H
E

L
hb

hN
INN

VN
EN

H
DSb

h
H

o
b

N
>

Z
D

IO
0

H
C

oO
N

M
N

N
E

O
N

H
bh

pu
N

IN
O

n
D

>
>

N
H 161.35362

161.367 25
161.384 53

161.418 44

161.42271

161.42271
161.487 48

161.500 86

161.547 54

161.603 06
161.627 51

161.65414
161.68530
161.687 49

161.700 88

161.718 30
161.74316

161.748 20

161.768 43

161.77397

161.781 52

161.81485

161.818 38

161.825 07

161.84173

161.86252

161.87819
161.884 59

161.886 52

161.89871
161.89871

161.91080
161.97099
161.97706
162.073 27

162.108 51

162.16993
162.236 32
162.26115

162.27979

162.286 18

162.346 87

162.368 26
162.427 33

162.440 70

162.480 65

162.48262

162.50269

162.50269

162.526 84

162.549 87

162.57277

162.58491

162.594 32

162.638 11

162.663 80

162.698 51

162.707 73

162.736 74
162.75421

162.75660
162.78560

162.795 92

162.805 28

162.81309

162.838 04

162.852 39
162.85239

162.86189

162.88399

162.893 82

162.901 62

162.905 32

162.924 69

162.931 48

5339

3009

4368

2815

5728

5728

4951

3883

4951

4660

5242

4660

1359

1553

4660

3106

4368

4466

2815

3203

5145

2621

1941

4951
8446

4563

1553
3838

7281

5728

5728

1844

6310

4757

5339

4368

5339

6213

5825
4368

1067

5825

2427

5825

1553

4563

3106

7669

7669

4368

3883

6504

3786

2233

6601

5922

6699

5145

3106
6796

2038

1359

4757

6601
1844

1941

9708
9708
2233

4271

6601

85339

2524

3106

6213

cm 6 7 13 14 15 16 17 18 19
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Q (2,6
Q (2,6
Q (1,3
Q (2, 6
Q (2, —6
Q 1,­3
Q (2,­6
P (3, 1
Q (2,­6

(,

(1,
e,
(2,
(1,
CG,
(L,
C,
e,
GC,
G,

GC,
GC,
CG,
e,
GC,
e,
GC,
e,
GC,
GS,

(1,
(1,

P (1,
PQ,
R (2,
P (1,
R (2,
R (2,

CG,
a,

CG,
GG,
(1,
a,
(1,
,
O,
GC,
(1,
(2,

GC,
G,
e,
G,
C,
(1,
ec,
a,
(1,
Ga,

(1,
(1,
a,
(1,
(1,
(2,
a,
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a,
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A
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au
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ua
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Sua

Su
Nu
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M
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S
a
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Nua
a

SE

2
1
9

J
O

D
O

D
O

O
D

O
O

D
O

O
D

O
D

O
V

T
V

T
O
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D

O
O

D
O
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M
E

4
E

de
do

do
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4
x
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R

E
A

a
o

o
o

a
o

O
T

T
U
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A

Z
T

U
O

D
IU

T
T

V
U

O
U
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N
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U
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U

A
U

U
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A

A
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Su
Su
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a
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o
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*

T
O

T
U

V
J
O

O
D

O
O
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T

U
V

U
A

O
O
O

rm
s

m
w

O
O

D
O

O
R

O
N

A
N

E
O

r|
p

U
re

27) SR
; 26) GR

7) GR
; 25) SR
; 24) SR

6) GR
; 23) GR
;21) SR
; 22) SR

O,
(2,
Po,
O,
(2,
o,
e,
O,
(2,
e,

(o,
—(,
—(,
Po,
2,
o,
e,
e,
(2,
O,

O,
oO,
—(2,
—e,
e,
O,
(2,
—(,
e,
Oo,

(O,
o,
(0,
(1
(1,
(o,
(2,
—(,
(1,
po,

—(,
—(,
+ Pío,
Po,
Fo,
2,
(1,
(2,
(0,
(1,

(1,
(2,
—(2,
—(1,

—­5

—s

—­a4

—­5

—5

­4

Ú ”
»

m
A

O
o

­
"
r
n

o
n

o
o

o
u

v
U

N
N

A
O

o
u

U

; 27) SR
; 26) SR

7) GR
;25) SR
;24) SR

6) GR;

; 23) SR
;22) GR
; 22) SR
; 22) SR

5) GR
;21) SR
; 20) SR

4) GR
;19) SR
; 24) SP
;18) SP
;17) SR
; 16) SP
;15) SR
; 14) SR
;13) SR
;12) SR
;11) SP
; 10) SR

9) GR
8) GR
7) GR
6) GR
4) GR

; 30) SR
;14) SR
; 27) SR
; 15) GR
;26) SR
; 20) SR

9) GR
; 29) SR
; 10) SP

6) GR
5) GR

; 19) GR
; 16) GR
; 19) GR
; 28) GR
; 13) GR
; 17) GR

9) GR
; 25) GR

1) GR
;16) SR
; 20) SR
; 15) GR

12) GR;

; 18) GR
; 19) GR

7) GR;

; 22) GR
; 22) SR
; 20) SR
; 10) SR
;12) SP

6) GR
; 23) GR
;18) SR

7) GR
;17) SR

m
Ç

C
N

M
M

>=
>

G
O

N
G

2LR
OE

ON
QD

S2
S>

O
L

2
0

N
2

S
2

O
0

O
N

0
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E
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>

S
>

N
E

N
O

N
N

H
D

N
QN

N
L

H
N

D
W

O
N

H
N

N
IN

N
N

V
O

O
H

O
O

V
E

H
N

2
L

2
L

IO
E

M
N

IO
D

S
E

L
S

B
E

N
N

O
N

O
O

M 162.94272

162.959 45

162.964 74

162.975 24

162.989 70

162.99376

163.003 28

163.01235
163.015 56

163.015 56

163.018 50

163.026 98
163.037 56

163.038 93

163.04745
163.05118

163.056 29

163.064 60

163.07219

163.078 91

163.085 12

163.090 86

163.095 89
163.100 48

163.104 58

163.108 00

163.111 00

163.114 00

163.116 50

163.150 52

163.17381

163.18368

163.229 51

163.328 19

163.332 24

163.343 66

163.383 76

163.39224

163.398 30

163.440 63

163.446 31

163.474 42

163.534 25

163.578 06

163.666 34

163.687 59

163.83260

163.85393

163.858 41
164.008 04

164.015 80

164.073 39

164.10861

164.12597

164.153 20

164.15603

164.170 50

164.19277

164.198 12

164.230 51

164.29526

164.297 68

164.302 22

164.348 26

164.35233

164.408 11

164.40981

164.46472

164.517 80

164.569 33

164.604 81

164.607 89
164.615 48

164.65113

164.660 35

0.4

—1.4

—1.0

—o.4

—­0o.s6

—­0.3

—o4
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—1.3
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0.0
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0.4
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0.9
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3300

3883

5825

4174

4757

5533

4757
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5825

5825
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5242
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5436

2718
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6116

6116

6407

6116
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|
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N
O

R
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H
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U
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2 +; 18) SR — (0,
; 28) SR — (1,
; 16) SR — (o,
; 11) SR — (0,

e,

(o,
;11) SR (2,
113) SR (1,
; 18) SR — (o,

8) SR (1,
; 32) SR (1,

7) GR, a,
; 31) SR (1,

4) SR (O,
—e,

(o,
(o,
e,
(o,
(1,
oO,
(O,
—(1,
(0,
o,

— (2,
e,
O,
(1,
(1,
po,
po,
(O,
(o,
—o,

(1,
—(1,
(o,
(o,
e,
O,
(o,
e,
(1,
e,

— (0,
O,
(a,
—(1,
(o,
(o,
e,
(1,
(o,
o,

(1,
ei
—o,
— (0,
(o,
(o,
e,
(1,
—(1,
—e,

(o,
—(1,
—(o,
(1,
—po,
O,
(1,
o,

!
e

A
N

E
E

B
A

N
Q

U
O

Õ
O

O
G

U
J
R

I
E

A
L
A

D
N

O
n o

164.669 19

164.671 79

164.67372

164.70213

164.71114

164.741 09
164.941 14

164.959 97

164.968 46

164.977 63
164.977 63
165.00419

165.018 97

165.035 50

165.063 02

165.15579

165.250 64

165.266 06

165.421 50

165.427 45

165.42745
165.52228

165.57368

165.59561

165.660 29

165.66331

165.690 52

165.690 52

165.693 27

165.75491

165.81111

165.84673

165.85873

165.89291

165.927 15

165.961 32

165.995 89
166.090 97

166.155 33

166.19673

166.199 37

166.229 35

166.27061

166.429 02

166.497 37

166.531 79

166.556 34

166.559 97

166.58301

166.59243

166.62618

166.65075

166.654 44

166.670 42

166.774 42

166.795 82

166.84399

166.874 97

166.916 27
166.941 60

166.986 16

167.000 73

167.020 34

167.021 79
167.041 01

167.055 27

167.136 89
167.16487

167.238 18

167.24918

167.25325
167.25325

167.270 30

167.304 50

167.421 04

0.0

—17

17

0.2

1.3

3.6

—Oo.1

4174

4174

1650

1262

1456

1650
5339

1650

2912

4757

4757

7864

2621

T864

4271

2233

5825

4368

2233

5728

5728

3398

2524

4271

3398

3786

7864
7864

2330

4174

1747

4466

7475

5048

5922

8737

3883

873

1747

3398

3495

6213

2135

7572

5825

4466

2135

7864

1456

3300

7281

4660

2135

1067

2524

3300

4174

TT6

6019
679

3980

2330

4174

3300

1844

4466

3210

2718

2330

1262

6796
6796

4854

3203

7766

cm 1 2 6 7 13 14 15 16 17 18 19
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N
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;19) SR (o,
,; 10) SR
; 23) SP

9) GR
; 19) SR

8) GR
; 18) SR
; 229) GR
;18) SR
;18) SR

8) GR
; 11) SR

6) GR
113) SP

9) GR
6) GR

; 11) GR
2) GR

;16) SR
;15) SR
; 22) GR
;19) SR
; 16) GR
; 12) SR

9) GR
; 20) SR
;15) SP

5) GR;

;15) SR
; 309) SR

7) GR
;13) SR
; 34) GR
; 30) SR

5) GR

5) GR
. 16) GR
; 11) SR
; 24) SR
14) SR
" 22) GR
;11) SR
. 19) GR

9) GR;

; 18) GR
8) GR

;18) SR
. 17) GR
;17) SP

9) GR
;10) SR

7) GR
;14) GR
;21) SP
; 10) GR
;18) SP

5) GR
;10) SR
. 14) GR
;15) SP
' 21) GR

8) GR
8) GR

; 21) GR
; 11) GR
; 14) GR

8) GR
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1
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2

7

8

2

2

2

4

2
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1

2

4
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3
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1
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1
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N
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; 10) SP
+; 20) SR

; 24) SR

20) GR A 167,49501
9) SR A 167.51218

167.546 50

167.55181
167.581 81
167.590 48

167.627 94
167.734 70

167.787 49

167.790 05

167.828 40

167.880 83

167.986 96

168.05214

168.113 46

168.134 51
168.198 28

168.21282

168.21538

168.237 37

7) GR

m
b

»
>

>
rF

h
2

2
L

2
2

0
»

168.309 65

168.326 02

168.383 16

168.390 74

168.421 28

168.514 30

168.534 11

168.573 06
168.575 05

168.597 94

168.600 38

168.61214

168.628 39

168.649 34

168.699 42

168.783 52

168.793 49

168.81419

168.840 49
168.850 15

168.897 28

168.982 07

169.019 53

169.060 52

169.091 30

169.12223

169.14276

169.171 64

169.25991

169.377 33

169.379 77

169.385 02

169.523 59

169.542 48

169.605 52

169.628 86

169.664 77

169.679 48

169.71138

169.806 55

169.823 12

169.837 12

169.945 74

169.968 11

169.998 06

169.998 63

170.003 84

170.030 94

170.157 91
170.202 04

170.22241

170.227 06

170.259 83

170.31305

170.328 67

R (1,
R (2,
P 3,
P (2,
R (1,

P (1,
R (1,
R (1,
R (2,
P (1,
R (1,
P (1,
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A
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R
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S
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A
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R
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M
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A
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A
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A

W
m

N
m
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rq

NN
M
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W
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a

e
pu
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pa
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O
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O
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V
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O

S
H
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O
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O
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U
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IT
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V
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A
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A

D
O

V
IA

V
Y
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O

S
Y
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U
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T
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T
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IO
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A
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T
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N
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U
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O
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T
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S

O
T

IA
D

O
V

O
U
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R

C
A

PA
A

ER
OA

MA
PN

A
A

A
AR

A
PN

PN
A

A
C

C
e

o

a ; 9)SGR
­2 ; 6)SR

O ;15) GR
—3 ;10) SR

7 ;35) SR
; 21) GR
; 15) GR
; 20) GR
; 12) GR
; 23) GR
; 10) SR
; 26) SR
; 17) SR

5) GR
; 17) SR
; 10) SR
;16) SR
; 16) GR
; 27) SR
;17) SR
; 26) GR

8) GR
;15) SR

9) GR
; 26) SP
;11) SR
; 25) GR

4) GR
; 25) GR
; 24) GR
;13) SR
;14) SR
; 22) SP
; 24) SP
; 20) GR

9) GR
; 13) GR
; 23) SR

7) GR
; 20) SR

U
E

Q
ms

t
O

N
N

A
R

P
B

N
N

D
N

O
N

H
O

O
U

]y
M

N
U

N
A

O
S

N
N

H
E

O
N

A
N

D
N

D
A

N
H

O
O

N
A

A
P

N
N

O
N

O
N

U
N

U
N

N
N

H
Lx

) +

n
n

v

U

(o,
(1,
—C,
—(,
(a,

(o,
—(1,
—((o,
(1,
(o,
(0,
o,
(o,
(O,
o,

—O,
e,
(2,
+ (O,
(0,
(o,
(1,
e,

|

&w
o
r
U

m
a O

y
w

u
w

o
w

o
N

s
v
w

o
U

W
N

O
W

N
NU

NU
UU

DU
YU

N
L

A
S

N
G

N
P

E
R

O
N

U
N

NM
L
S

63
GI

A
m

A
e

es
o

o
| o

&O
3

O
6

03
O

NJ
O

o
m

7) GR 170.333 32
170.37264

170.427 48

170.429 36
170.47478

170.507 61

170.541 76
170.544 50
170.606 33
170.618 97
170.646 33
170.,73676

170.789 24

170.88995

170.927 90

170.940 12

170.966 18
170.968 44

171.039 76
171.046 49
171.060 38

171.095 50
171.157 57

171.157 57

171.19303

171.213 57

171.240 32

171.287 88

171.339 16

171.405 98

171.407 95
171.457 27

171.47537

171.477 88
171.493 02

171.503 42
171.544 97
171.558 86

171.573 57
171.57976

171.609 57
171.61413
171.69961

171.71358

171.73405

171.791 02

171.81849
171.82925
171.851 42

171.868 57
171.87251

171.87425

171.92896
171.94873

171.961 83

171.988 84

172.007 77
172.010 22

172.01370
172.02079
172.048 93
172.051 36
172.058 77
172.065 37
172.099 64

172.14950

172.15993

172.16222

172.16222

172.25275
172.25275
172.330 69

172.336 15
172.33615
172.338 55»

b
L

E
O

h
L

D
D

L
R

L
R

E
R

D
D

D
D

L
D

B
D

D
D

R
O

O
N

W
N

H
D

»
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N
b
q
b
N

D
L
D

M
D

D
E

R
ED

RD
AI

OA
O

D
W

a
rN

b
b

h
b

h
>

o
E

L
H

A
N

N
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LD
DL

DD
DR

DD
LR

O
D

O
D

D
R

L
R

E
O

D
L

D
OS

SO
D

O
q

H
H

2524

7669

4854

4271

2815

1456

7378

2912

9029

2815

1359

1262

6310

1165

6019

3495

4951

4077

3009

5048

2912

7572

TATS

7475

3592

7864

3689

1941

3786

4077

4660

4077

3398

4368

2912

2621

5242

4466

3203

1262

4368

3009

4466

2038
5048

3009

3980

4951

5145

2718

6407

o
7572

5339

5631

1747

6796

2135

4660
1456

5048

1553
5533

5728

7378

8446

6504

6213

6213

8543

8543

3883

6796

6796
6407

cm 1 2 6 7 15 16 17 18 19



Index upper state lower state Int. Index upper state lower state
T(n, K ; JJ)” (n K ; 7 /au. T(n, K ; JJ)” = (n K ; J)* fem”!

; 25) SR (O,
+;15) SR (O,
7;156) SR (O,
7; 16) SR — (0,
+;16) SR — (o,

; 6) SR —(O,
+; 14) SR —(O,
7; 14) SR —(o,

;11) SR (2,
6) GR

PQ,
Qa,
Qa,
P (1,
P (1,
R (1,
Qu,
Qu,
R (3,
R (2,

(1,
(3,
(a,
G,
(a,
(1,
(1,
e,
(1,
a,

e,
a,
a,
(1,
a,
(1,
a,
GC,
(1,
a,

(1,
a,
a,
a,
e,

172.39215 .4 1359 R (1,
172.41389 .1 6699 Qu,
172.416 89 1 6796 R Q,
172.426 55 .O 5533 Qu,
172.434 89 9 5728 P (1,
172.439 00 .5 1941

Qa
172.485 30 .8 6504 Q (1,
172.488 68 .1 6601 PQ,
172.493 42 .O 4271 Qu,
172.52543 6893 P(1,

P (1,
Qa,
Qa,
R (1,
P (1,

P (1,
R (3,
P (1,
Q (1,
R (2,
P (3,
P (3,
R (2,
Qua,
R (1,

P (1,
R (2,
R Q,

; 12) SR (o,
; 8) SR (O,
. 14) GR —(1,
;: 1) SR (O,
; 27) SR (O,

6) SR ço,
25) SR — (O,
27) SR (o,
26) SR — (o,
15) SR (0,
13) SR (o,

; 27) SR (O,
; 28) SR — (0,
; 1) SR (o,
; 21) SR (0,
; 24) SR — (O,
;12) SR (2,
; 15) SR — (O,
; 29) SR (O,

17 SR o,
14) SR (2,

­ 14) GR —(2,
; 10) SR (1,
; 30) SR — (0,
; 31) SR (1,
156) SR (0,
17) SR (2,
; 13) SR (1,

7) GR —C(0,
; 20) SR (1,
;11) SR
; 11) SR
;11) SR
. 12) GR
; 26) SR

5) GR
;11) SR

8) GR
; 18) GR
; 23) SR
;11) SR

9) GR
9) GR

;19) SR

;11) SR A 173.66946
173.67415
173.689 53
173.699 62

173.72307

173.72307
173.728 27
173.74543

173.80208

173.81941

173.86205
173.886 35
173.981 32

173.98358

174.03267

F
+

1
+

U

G
r

N
O

N
N

AN
U

Ga
G

A
NO

me
0

(o
co

D
+

+

ME
E

A
e

dr
e

o
dr

ao

U
M

D
U

N
N

U
S »

+ +
| +

; 13) GR
; 15) GR
; 13) GR
; 15) GR
; 16) GR
; 12) GR
; 12) GR

9) GR
; 11) GR
; 11) GR
;16) SR
; 10) SR
; 10) GR
;10) SR
;10) SR

9) GR
9) GR

; 12) GR
9) GR
9) GR

172.551 08 .7 6699

172.554 00 .O 7087
172.55400 .S 7087

172.55619 .5 4563

172.586 58 .S5 5922
172.61101 .oO 7378

172.61366 .3 6990

172.64579 .2 7572
172.665 34 .1 7184

172.667 71 6990

C
A

O
O

r
R

IS
O

R
O

O
S

O
R

A
O

V
O

Y

U

ES
N

a
a

as
a

a
a

174.045 22

174.045 22
174.078 43
174.086 30

174.090 72

174.14075

174.14255

174.19314
174.201 20

174.209 09

174.236 44

174.25681

174.303 59

174.40141

174.40141

174.559 99
174.57418

174.618 03

174.69181

174.698 45

174.72263
174.820 04

174.82577

174.839 77
174.842 49

174.92509

174.931 50

174.964 36
174.964 36
174.964 36

174.967 99

174.970 14

174.977 17
174.979 17

174.991 76

174.991 76

175.006 88
175.01245

175.024 44

175.03441

175.038 69
175.04353

175.05575
175.06371
175.07063

175.084 32

175.10466

175.108 80

175.12461
175.13463

175.14318

175.14419

175.15273

175.16033

175.16206

175.166 54

175.18281

175.20285

175.21009
175.22472

| 1

| | 2»
o

P
O

N
N

O
Q

O
N

N
D

N
N

D
N E

UU
N

O
N

D
U

N
N

NM
UD

N
N

N
U

N
N

ID
L
N

D
E

M
N

Â
M

RA
N

A
a

au
ua

e
Mu

Au

+

! | C
A

N
S

O
)

+172.707 96 .3 6019

172.714 50 .9 6990

172.714 50 .3 6990

172.716 39 6407

172.716 39 6407
172.758 64

. o
172.758 39 .6 4984

172.75944 .4 B446
172.759 55

.
o

172.759 44 8446

172.783 40 4 6116

172.798 09 .4 9029
172.83218 .9 8737

172.861 80 .7 7961
172.863 27 .O 1201
172.886 85 .5 7281

172.907 51 .1 6699

172.92403 .6 5436

172.943 14 .1 2815

172.991 49 4854

173.034 10 .2 3106
173.07488 .O 6504
173.074 88 .1 6504

173.14875 .+ 2815

173.211 08 .2 1456

173.221 46 .5 3009

173.267 58 .O 2038

173.327 94 .4 3398

173.37582 .1 3883
173.378 17 2621

173.399 15 .$S 3106

173.41965 3 1747

173.421 06 .5 1456

173.48290 .6 7669

173.488 45 .8 5436
173.488 45 .2 5436

173.49518 .O 6019

173.49518. 6019
173.506 87 4951
173.51141 .6 7475
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A
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4
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o
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x

Ú

A
N

NI
PZ
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O
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8) SR
8) SR
7) GR
6) SR
3) GR
5) GR
4) GR

; a)SP
; 23) SR
;12) SR
; 10) SR
;12) SR
;13) SR

6) SR
;19) SR

9) GR
; 10) SR
; 19) GR

8) GR
;10) SP
; 10) SR
; 25) SR
; 22) GR

8) GR
; 17) GR

n
O
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o

o
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R
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D
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rq

w
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O
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E
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n
A

a
n

A
a

r=
ra

o
O

o
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n

S
P

A
N

a
A

P
IA

IA
N

V
O

173.51141 .2 7475
173.52375 .1 4174

173.526 50 2427

173.535 30 .5 2621

173.544 50 4 4077
173.568 27 .6 5436
173.568 27 .3 5436

173.585 32 .9 4174
173.59372 .4 4174
173.59871 .6 4466

173.611 64 .8 2330
173.61976 .O 7378

173.647 64 1 4271
173.655 86 .9 7281
173.664 90 .1 1844
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O

D
O

D
O
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upper state lower state
. upper state lower state P 66­10 Int.

T(n, K ; J)“*—= (n,) K ; 3)” . T(n, K ; J)º= (n, K ; fem”? /em"*! /au

R (2, ;15) SR (1, 3 149) SR
Qe, ; —(1,
Q e, ; —(1,
P (1, ; (o,
P (1, 3*+;26) SR —ço,
R (1,­3 ; 8) SR O,
R (3, 113) SR e (2,

e, ; 8) SR —Q,
(a, ; 12) SR (O,
a, ; 23) SR — (0,
(1, 1+;14) SR (0,
(a, ; 20) SR (0,
(3, ;13) SR (2,
(3, 1213) SP (2,
(2, 111) SR (1,
(2, ;18) SR — (2,
Q, ;14) SR (1,
e, ;25) SR (1,
(1, 114) 38 —(O,
(1, 6) SR — (O,
(1, ; 12) SR (0,
a, ; 38) SR (1,
(1, ; 27) SR (O,
(3, ; 10) SR — (2,
(1, ; 10) SR — (0,
(1, ; 24) SR (0,
e, 4) SR (2,
(1, 111) SR (O,
(3, ;12) SR — (2,

PQ, ; 28) SR
R (1, ; 12) SR
P (1, ; 17) SR — (o,

e, ; 10) SR e (1,
(1, ; 25) SR (O,
(2, 8) SR (1,
e, ; 10) SR
(1, ; 17) SR — (o,
a, ;13) SR
(1, ; 14) SR
e, 6) GR
GC,
(1,
G,
(1,
(1,
(1,
(1,
(1,
(3,
GC,

e, ;12) SR
2, ;26) SP
(3, ; 12) SR
(3, ;12) SR
(1, ; 22) SR
Q, ; 19) GR
a, ;13) SR
GC, ;15) SR
e, ; 37) SR
(1, ;19) SR
e, ; 36) SP
a, ;10) SP
(6 ;11) S?
RL, ; 35) SR
a, ; 34) SE
GC, ; 34) SP
a, ;13) SR
2, ; 33) SR
e, ; 32) GR
(2, ; 31) SR
(a,
GC,
Ga,
e,
(a,

175.226 69
175.258 33
175.320 54

175.417 66

175,43483

175.52368

175.595 58
175.655 30

175.661 40

175.69550

; 28) SR (2,
;27) SR (2,
; 26) SR (2,
; 25) SR (2,
. 9) GR —Q,

qe,
Qe,
Q e,
Qe
P (3,

177.66301 .O 5339

177.687 09 6213

177.710 24 .6 6601

177.73236 .5 6893

177.73643 .1 5631

177.738 92 .3 6504

177.75339 .2 6699

177.773 57 .3 7378

177.79272 .3 7184

177.81091 1 7475

177.82831 .6 7572

177.84464 .6 7766

177.860 18 .8 8155

177.87487 .1 8058

177.888 53 .5 8058

4
do

A
A

x

; 9) IR (o,
; 24) SR (2,
;23) SR (2,
; 22) SR 2,
; 21) SR (2,
" 20) GR —(,

—(2,
—(2,
O,
(2,

—(,
O,
(0,
e,
o,
O,
e,
e,
e,
o,

(2,
o,
O,
e,
— (0,
(1,
(O,
(1,
—o,

ME
E

o
a

do
o

o
a

175.71972

175.72601
175.72601

175.727 89

175.737 52

175.804 07

175.844 55

175.850 88

175.878 09

176.011 82

U

ES
e

NS
e

o
ES

SS
ES

E

177.901 45 .1 8349

177.91339 .6 8155

177.917 31 .5 4951

177.92025 .6 2912

177.92463 8058

177.934 92 .6 8252

177.944 45 .5 8252

177.95315 .]1 8058

177.96131 .5 8252

177.96131 .1 8252

177.968 11 .O 7864

177.97436 .1 7864

177.97993 .8 7184

177.98451 .
o

178.01360 .2 1165

178.038 64 .7 4466
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178.305 45 1 1747

178.31161 .2 6504

178.31290 .21 2483

178.334 17 .O 1067

178.347 83 .O 4660

178.39237 .4 6796

178.58978 .5 3786

178.669 25 .8 3980

178.690 90 .2 4271

178.719 11 .8 5242
178.78244 .2 6990

178.789 54 4 1844

178.798 57 .9 2233

178.81598 .4 7572

178.862 44 .6 1747

178.862 44 5 1747

178.86503 .7 1359

178.865 03 .2 1359

178.87063 1 1553

178.87063 .9 1553

178.876 30 1a 7378
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177.14409

177.21923
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177.28999
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177.31222

177.343 38

177.349 79

177.358 47

177.38248

177.396 59

177.41002

177.430 96
177.43365

177.44621

177.463 92

177.486 03

177.49575

177.51220

177.52641
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177.584 34
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Index upper state lower state . Index upper state lower state ó6D­10%º Int.
T(n, K ; JJ)“ (nn) K ; J)* . T(n, K ; JJ)" = (n, K ; J)* fem”! /au.

+ ; 12) SR (O,
. 15) GR (1,
; 14) GR (1,
; 26) SR — (0, ­
;13) SR (1,
; 12) SR (1,
;11) SR (1,

—(1,
—(0, —
—(L,

­;13) SR
;15) SR
;14) SR
;25) SP
;13) SR
;12) SR
;11) SR
; 10) GR
; 19) SR

9) GR

178.994 35

179.009 63

179.024 60

179.034 01

179.039 58

179.05365

179.067 61

179.080 13
179.086 32

179.09270

6976 R (2,
6977 Q (1,
6978 P (2,
6979 R (1,1
6980 P (2,­—

6981 Q (1,
6982 P (3,
6983 R (2,
6984 P (1,
6985 R (1,
6986 Q (1, Fo,

179.109 50 6987 P (1, ; + (0,
179.11416 6988 P (2, ; —(1,
179.123 32

. 6989 R (1, ; (o,
179.130 88

: 6990 R (3, ; (2,
179.13939
179.205 02

i

6991 P (1, ; o,
179.21404 6992 Q (1, ; O.
179.216 43 6993 P (1, ; (o,
179.312 49 6994 R (2, ; O

6995 R (2, ; (2,
6996 Q (1, ; (0,
6997 R (2, ; (2,
6998 R (2, ; —(1,
6999 R (1, ; + (O,
7000 Q (1, ; (0,

7001 P (3, O,
7002 P (1, (0,
7003 R (1, (0,
7004 P (1, —(0,
7005 P (1, —(0o,
7006 Q (1, —(0,
7007 P (1, (Oo,
7008 P (1, —((0,
7009 Q (1, —(0,
T010 R (1, —(0,

7011 P (1,
7012 P (1,
7013 Q (1,
7014 P (1,
7015 P (1,
7016 P (3,
7017 R (1,
7018 P (1,
7019 R (1,
7020 Q (1,

7021! R (3,
7022 Q (1,
7023 P (1,
7024 R (2,
7025 Q (1,

180.467 OB 7026 P (1,
180.47385

f 7027 P (1,
180.477 54 7028 P (1,
180.616 41 7029 R (2,
180.626 96 7030
180.630 01

180.754 69 7O31

180.759 02 7052 R O,
7033180.760 22

180.806 77 7034 R (2,
7035
7036

TO37

7038

7039

TO40

;19) SR (1, 3 ;18) SR
;28) CR (o, 9 ;28) GR

(1,1 ;26) SR
—(1, 10 ;21) SR
—(Q, 4) GR

181.341 01 —O0.6 9306
181.349 40 —3.4 7029

181.363 48 —1.1 990

181.40261 .4 6138

181.46011 .2 1287

181.50269 .O 1881

181.508 09 .0 4653

181.54321 .6 1386

181.618 78 .5 6435

181.636 25 .4 4158

181.648 99 .O 2376
181.71294 .O 1386
181.747 72 .3 1188

181.764 37 .3 4059

181.77909 .8 4158

181.789 06 2970
181.789 06 2970

181.84670 .3 2277

181.879 30 .O 7425

181.906 36 .5 6732

181.92367 .2 3069

181.97675 .3 8415

181.97675 .9 8415

181.993 89 2 2277

182.051 92 .3 2970
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A
A

(0, ; 27) SR
e, ; 9) SR
—(1, ; 28) OR
—(0, ; 8) GR
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0
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+

O
O
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(1,
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8) SR E 179.10326
13) SR
7) GR
6) GR
5) GR

13) SR
3) GR
s) SR

;11) SR
9) SR
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a
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a
a

a

+
.

P
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S

+

4
4

A
A

x

9) SR
13) SR

; 13) SR
;12) SR
; 10) SR
;15) SR
;11) SR
;11) SP
; 16) SR
; 16) SR
; om SR
; 17) GR
; 3o) SR
; 20) SR
;26) GR

5) SR
; 10) GR

9) GR
; 27) GR
: 24) SR
;10) SR
; 27) GR
;15) SR
; 10) GR
; 33) GR
; 13) GR
; 16) GR
;26) SR
; 20) SR
;16) SR

+. 24) GR
—;24) SR

; 11) GR
; 14) SR
;12) SP
; 21) SR
;18) SR

4) GR
;12) SR

4) GR

179.31568

179.468 22

179.47311

179.51284

179.526 03

179.590 35

179.590 35

179.67361

179.708 86

179.71032
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182.058 54 .9 7524
182.11228 .3 4554

182.11855 .O 4653

182.139 26 .1 2178

182.143 80 .O 2178

182.17445 .4 3267

182.256 05 .3 7128

182.269 40 .S 2970

182.29131 .5 3762

182.307 63 6237

182.37523 .7 6831

182.394 35 .9 5247

182.40228 .O 5643

182.41569 .5 5445

182.42874 .1 5445

182.471 22 .8 4851

182.473 33 .9 3564

182.475 86 .2 5643

182.479 59 .7 4059

182.507 22 .O 3861

182.558 77 .O 3069

182.601 72 .6 3168

182.686 55 .4 1188

182.691 13 .5 3861

182.708 51 .9 4158

182.710 22 .7 5049

182.710 22 .7 5049

182.734 66 .9 4752

182.75248 .O 7425

182.796 63 .4 4554

182.85318 .2 3861

182.860 08 .O 9207

182.880 76 .5 4653

182.938 69 .4 1089
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182.943 67 .4 6237

182.95977 .6 4653

182.99676 .2 4554
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183.086 57 4851
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Index upper state
T (n, K

lower state

; 1)” (n, K HA JD
sw 10º
fem"!

Int.

/a.u.
Index upper state

Tin, K
lower state

; )“”— (n, K , J)*

7OS1
7052

7053

7054

7O55

TO56

7TO5ST

7O58

7TOS59

7060ES
a

au
Su

e
e

us
a

Ni
* 7061

7062

7063

7064

7065

7066

7067

7068

7069

7070BO
E

E
dr

de
de

do
a

* 7TOT1

7072

7073

7074

7075

7076

7TOTT
7078
7079

7080

7081

7082

7083

7084

7085

7086

7087

7088

7089

7090

7091

7092

7093

7094

7095

7096

7O9T

7098

7099
7100

O
A

A
A

E
RA

Su
a

Su
ua

a
NES

E

7101

7102

7103

7104

7105

7106
7107

7108

7109

7110

Tu1

7112

7113

7114

7115

7116

7117

7118
* 7119

7120

4
A

A

7121

7122

7123

7124

7125

QG, 9

R (2, —5
P (2,
R (2,
Qua,
R (2,
R (1,
R (2,

(1,
RG,

e,
(1,
(1,
(1,
(2,
(3,
GC,
(1,
CG,
e,

e,
(1,
C,
a,
a,
Q,
(1,
e,
a,
(a,

2,
a,
e,
a,
(1,
(a,
a,
e,
e,
a,

e,
CG,
(1,
a,
(1,
GC,
(1,
CG,
e,
e,

G,
GC,
a,
,
(1,
(1,
CG,
C,
(2,
G,

G,
e,
R,
e,
a,
CG,
e,
a,
a,
GC,

ga,
R (2,
Qu,
P (1,
ge
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O

O
T

O
D
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O
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O
D
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D
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D
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O
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D
O

D
IQ

O
T

O
Y

T
IO

D
D

O
D

O
D

O
V

O
IT

V
O

O
O

u

t
O

R
O

U
O

N
V

N
O

P
O

O
L

A
rA

s
S

A
s
R
A

R
O

S
O

N
BA

BE
AR

PR
h

R
a

h
R

O
s
e

q
r
m

r
A

R
h

b
h

O
b

s
Jv

yN
N

O
E

q
Ah

O
N

A
U

A
O

L
A

O
L

b
h

O
h
E

r
>

s
A

U
L
R

O
R

h
Q

O
N

t

6

6

9

o
m

+

,

'

;

25) SR
. 16) GR
; 24) SR
; 13) GR
; 24) SR
;19) SR
;14) SR
; 23) SR
; 23) SR
; 33) SR
; 32) GR
; 23) GR
; 21) SR
1a?) GR
; 31) SR

8) GR
; 30) GR
; 22) GR
; 29) GR
; 28) SR
; 27) GR
; 21) SR
; 26) SR
;13) SR
;21) GR
; 25) SR
; 21) GR
; 24) GR

7) GR
; 20) SR

23) SR
9) SR

— (O,
—(1,
—(1,
(2,
— (0,
—(1,
+ (0,
—O,
(0,

(0,
— (0,
+ (Oo,
(2,

M
O

O
N

W
V

h
b
e
ry

V
y
M

N
tO

A
M

O
rR

O
W

O
O

D
O

u
v
N

U
N

O
N

V
H

/H
M

á
O

a
b

N
A

N
d

b
L

s
d

s
O

S
S

O
S

ã
O

0
L
&

M
N

A
O

O
O

L
L

OO
LN

H
N

O
N

O
O

U
R

U
AM

N
N

U
IO

LU
À

O
0
U

1
W

U
0

W
W

N (M
V

9

4

5

+
+

+
+

+

j;

1;

;

25) SR
15) SR

;25) SR
; 12) GR
; 24) SR
;18) SR
+ 13) GR
;22) GR
; 24) SR
; 33) SR
; 32) GR
; 23) SR
; 22) GR
; 16) GR
; 31) GR

9) GR
; 30) SR
;22) SR
; 29) SR
;28) SR
; 27) SR
. 21) GR
; 26) SR
;149) SR
; 22) SR
; 25) SR
. 22) GR
; 24) SR

6) GR
; 20) SR

23) SR
10) SR

9) GR
9) GR

19) SR
;21) SR
; 20) SR
; 19) GR
+ 19) GR
; 18) GR
;16) GR

2) GR;

; 10) GR
;17) SP
; 18) GR
;16) SR
; 15) SR
; 14) GR

6) GR
; 13) GR

6) GR
; 12) GR
;16) SR
; 17) GR
; 11) GR
; 31) GR
;10) SR
;16) SR

9) GR
8) GR
7) GR
6) SR

;om GR
5) GR
4) GR

; 16) SP
;15) SR
; 14) SR
; 14) SR
; 14) SR
; 13) SR
1 7) GR
; 3o) SR m

H
E

6
>

b
>

E
s

>
s
tb

6
>

D
0

H
H

D
H

O
T

O
N

E
S

E
W

O
N

O
O

E
D

N
S

O
U

O E
S

E
H

S
>

D
>

D
2
N

2
D

0
D

2
0
h

>L
0N

>D
O

q
G

L
S

Q
L

H
L

R
O

L
R

O
M

O
N

OE
NS

DS
[E

ED
> 183.383 86

183.404 56

183.439 86

183.466 98

183.49203

183.501 70

183.504 17

183.514 56

183.534 21

183,553 44

183.589 45

183.593 94
183.593 94

183.61694

183.62429

183.638 36

183.657 90

183.688 18

183.690 37

183.721 59

183.751 68

183.77663
183.78062

183.80531

183.80531

183.808 61

183.80861
183.835 12
183.85229

183.860 62

183.860 62
183.88111

183.885 09

183.89221

183.903 05
183.90305

183.906 10

183.908 43

183.930 55

183.936 49

183.95173

183.971 69

183.97481

183.977 52
183.98495

183.990 64

184.002 46

184.008 48

184.02505

184.041 00

184.047 24

184.055 57

184.06212

184.069 38

184.069 38

184.081 62
184.081 62

184.089 27
184.09315

184.101 39

184.103 54

184.11289

184.121 20

184.128 49
184.13468

184.134 68

184.139 92

184.139 92
184.19613

184.240 20

184.248 06

184.287 40

184.295 26

184.334 28

184.361 59

0.5

o1

—0os

o3

0.5

—O0.1

—0.4

o.6

0.6

—0o.5

—10
5.6

—1.2

—o.8

0.3

—1.4

0.6

—3.6

0.3

1.6

—1.1

—6.3

o.1
2.2

—2.1

1.3

990

7128

1287

6930

1188

7326

3069

4554

2079

1980

2376

2871

2871

4356

2970

7326

3168

1386

3762

4059

4752

1089
4752

5445

5445

6138

6138
5445
5247

6039

6039

6831

6336

2772

5346
5346

4752

6237

6435
1584

6732

6633

4059

4950

6633
6633

990

7326

7301

7524

4554

T425

6138

8712
8712

7524
T524

1089

7425

3861

7029

7227

6831

6435
6336

6336

4851

4851
792

4158

990

7326

594

«4950

1584

*
A+

x
AE

o
E

dE
de

do
de

de
do

a
Mo

de
de

de
de

ro
de

d+
o

x
EA

ua
ua

ua
ua

Su
Su

7126

7127
7128

7129

7130

7131
7132

7133
7134

7135
7136

7137

7138

7139

7140

7141

7142
7143

TI44

7145

7146

TI47

7148

7149

7150

7151

7152

7153

7154

7TI55

7156

7157

7158

7159

7160

7161

7162
7163
7164

7165

7166

7167
7168
7169
7170

7171
* 7172

7173

TIT4
7175

7TI76

TITT

TI78

7179

7180

7181

7182
7183

TIB84
7185

7186

7187

7188

7189

7190

7191

7192

7193

7194

7195

7196

7197

7198

7199

T200

R 2,
P (1,
P (1,
P (1,
R (1,

Q (1
P (1,
Qa,
P (1,
P(1,
ge,
QaG,
P 2,
R (1,
P 3,

P (1,
Q(,
P (1,
R (3,
Qe,
ga,
R (2,
Q (1,
R (1,

R (2,
R (2,
R (2,

R (1,

RC,
(1,
(3,

rF
P

O
N

N
H

N
A

”
­

C
O

W
N

O
r
F

P
O

V
N

H
E

É
r
2

A
r

V
IU

O
T

U
O

N
U

O
T

T
O

"

m
a

r
a

pH
pq

p
pN

A
Q

rL
O

G
P

PO
UV

UA
RA

N
N

U
N

N
I
L

I
O

R
O

A
O

R
[W

e
PE
O

O
N

E
N O

S
O

r
U

r
P

A
a
N

Y
O

r
U

m

D
O

T
IO

Q
O

T
O

D
N

O
Z

A
O

v
V

O
D

O
T

IT
V

O
U

Y
U

T
Y

T
U

D
T

U
O

T
U

N
A

O

;21) SR
7) GR
7) GR

; 12) SR
; 24) SR
; 34) SE
; 26) SR
; 33) SR
; 12) GR
; 28) SR
; 29) SR
; 32) SR
;23) GR
;14) SR

6) SR
; 31) GR
; 29) GR
; 30) SR

5) GR
; 19) GR
; 28) GR
; 29) GR
; 17) GR
" 28) GR
; 15) GR
; 20) GR
; 14) SR
; 24) GR
; 27) SR
; 18) SR
; 27) SR
; 23) SR
; 26) SR

7) GR
; 25) SR
; 32) GR
; 20) SR
; 26) GR
; 20) SR
; 22) SR
; 24) SR
7) GR

7) GR
8) GR
8) GR

; 8) SP
;18) SR
; 20) SP

(1, 3
(0, 17;
(0, 17;
(0, —1
—(l,

(0,
(o,
+ (o,
(o,
(o,
—(1,
+ (0,
a,
+ Fo,
e,

(0,
(O,
—(o,
(O,
—(2,
—(1,
(0,
(1,
— (O,
(o,

(1,
—(2,
—O,
(o,
o,
(1,
(1,
(o,
— (2,
(0,

— (o,
—((0,
—(1,
Po,
po,
—(o,
(o,
— (o,
(o,
+ (0,

t
N

U
r
O

o
O

N
A

U
V

N
A

H
O

U
S

N
U

O
N

O
N
O

N
O

u
U

N
v
N

N
N

v
N

A
R

U
tU

M
U

N
V

o
e

eN
A

hA
W

UU
NV

W
N

N
N

U
U

O
N

H
K

H
Z

H
U

N
J
N

A
N

U
R

L
N

A
N

+ (O,
+ (0,
— (0,
(0,
(O,
— (0,
+ (0,
(1,
(0,
(o,

|
!

a

; 13) SR
; 23) SR
; 34) GR
; 27) SR

20) SR
8) SR
8) SR

184.375 10
184.43368
184.43368
184.434 69

184.481 30

184.481 30
184.551 67

184.551 67
184.556 35

184.570 35
184.620 48

184.626 35
184.626 35

184.66219

184.663 94

184.703 39

184.70541
184.78488

184.82533

184.85991

184.86663

184.87064

184.925 17

184.960 82

185.009 22

185.022 54

185.026 67

185.051 11

185.055 46
185.096 70

185.099 30

185.123 24
185.15424

185.216 99

185.258 04

185.28371

185.295 56
185.318 45
185.327 24

185.33665

185.366 40

185.387 72
185.387 72
185.390 42
185.391 96

185.391 85
185.46465

185.467 59
185.470 07

185.479 30

185.481 33

185.50223

185.523 47

185.539 99

185.589 84

185.596 10

185.596 10

185.621 94

185.64269

185.649 37
185.714 54

185.717 02

185.717 02

185.788 77

185.81910

185.827 40

185.839 33
185.885 66

185.891 56

185.93065

185.962 94

186.01516
186.020 96
186.054 56

186.08597m
M

E
N

S
II
N

E
L
O

D
R

D
C

O
N

N
Q

H
N

O
N

D
A

D
>

b
E

L
O

N
D

L
D

O
D

D
D

L
D

O
O

E
O

D
A

D
OL

EO
B

L
O

G
O

G
o
m

fE
O

N
E

|w
W

IO
O

O
N

G
S

O
D

O
D

O
L
h
D

cm1 6 | iunesp”* 13 14 15 16 17 18 19



upper state lower state
. upper state lower state

T(n,K ; JJ)”(n,) K ; . . T(n,K ; JN)”(n,) K ; J)*

(1, 2*+T; 6) SR (o,
(1, 2 ; 6) ER —O,
(1, 11! ;11) SR — (o,
1,­3 ;15) SR (o,
(1, ; 28) SE (O,
(2, ; 21) SR e (1,
(1, ; 17) SR (o,
G, 5) IR — 2,
e, . 22) GR
a, 8) SP
a,
e,
a,
(3,
(1,
(1,
a,
GC,
(2,
a,

a,
e,
GC,
e,
a,
a,
e,
(1,
(1,
GC,

a,
(3,
e,
e,
(1,
(1,
(1,
(1,
e,
(1,

(1,
R (1,
R (1,
R (1,

(1,
2,
(1,
(1,
2,
(1,

(1,
GC,
(1,
(1,
[A
(1,
a,
GC,
a,
a,

a,
a,
(1,
2,
e,
a,
CG,
(1,
O,
G,

a,
CG,
G,
a,
C,

186.140 45
. QCL­3; —(2,­2 ;28) SR

186.140 45
: QU­3:; —(2,—­2 ;2n) SR

186.166 11
: QR­3; —(2,—­2 ;26) SR

186.166 88
: R(2,­1 ; —(1, 0 ;16)SR

186.179 60
: R(2,­2 ; —(1,—1 ;16) SR

186.203 79
P(1,­2 ; (0, ; 14) SR186.206 39 GRQ GQ, ; O, ; 25)186.239 95 GRR (2, ; —(2, ; 5)186.253 66 GR

186.263 00 RO, ; (O ; 22)
R (2, ; —(1, ; 22) SR

186.322 38
. R (2, ; a,

186.339 42
: R (2, ; (1,

186.374 52
: Qec, ; —(2,

186.397 27
.

* Qe,
186.409 97

À Q e,
186.421 58

2
186.43225 " .
186.440 87 Q E,
186.462 17 P (1,
186.508 91 qe
186.534 55

. R (1,
186.539 35

. Q e,
186.572 34

.
Qec,

186.585 28
.

Qe,
186.589 00

­
PQ,

186.628 44 Qe,
186.670 42 qe
186.682 06 qe,
186.713 24 P (1,
186.757 24 Que,

(1,
e,
e,
e,

187.271 40
187.30362

187.33468

187.337 06

187.347 47

187.357 93
187.36470

187.391 02
187.391 02

187.391 02
187.39263
187.39263
187.39263
187.42119
187.447 78

E
a

de
de

3
do

ro
do

; 16) GR
; 20) SR
; 27) SR

1
O

N
U

A
S

N
O

N
U

N
A

O
[E

N
O

O
r

a
m

|

187.47328

187.497 50

187.52073
187.52331

187.54279
187.545 58

187.563 60

187.58335

187.601 96

187.61055

187.619 34

187.63564
187.650 80

187.664 62
187.664 62

187.66685

187.677 55

187.689 28

187.69974
187.709 06

187.717 31
187.72424

187.730 16

187.734 69
187.808 47

187.81472

187.831 04

187.831 04
187.877 56

187.909 32

187.93273

187.95114

187.991 54

188.003 49

188.01337
188.051 94

188.051 94

188.070 94
188.070 94
188.14260

E
A

ua
us

us
ua

a
E

SE
MEO

E
dE

3
4

ro
do

4d
do

à

186.788 62

186.794 45

186.797 09

186.833 53

186.854 86

186.87248

186.88269

186.882 69
186.900 15

186.91223

186.925 43

186.925 43

186.927 60

186.927 60
186.948 87

186.957 73

186.961 43

187.002 94

187.007 32
187.037 45

M$
A

a
A

x

e
m

p
om

qr
s

h
A

A
a
4
V

v
V

N
M

O
O

N
W

W
W

F
W

E
H

O
r
[
P

[H
O

R
N

H
O

A
O

P
L

H
a

r
N

[
P

Q
B

R
N

N
N

N
[
H

O
N

N
A

N
O

O
P

R
H

E
O

=
4
0
0
]
|
r

Na
N

O
]O

O
W

|s

e,
(2,
e,
GC,
a,
G,
(1,
(1,
e,

ME
e

ae
3

e
de

de
o

do
x

P

P

P

R

P

Q
Q
P

P

R

Q
Q
P

R
P

P

Q
R

Q
R

Q
R

Q
R

R

Q
Q
R

Q
Q

Q
P

P

Q
Q
P

P

P

Q
Q

R

A
dE

46
36

do
do

dé
do

o
x

Gs,
CG,
a,
(1,
a,EA

as
a

ua
a

ua
us

2
2

4
A

A
A

x

187.047 11

187.04961

187.065 76

187.071 78

187.08539

187.088 33

187.10573

187.11530

187.11871

187.11871

187.121 00

187.12512
187.12621

187.131 27

187.14021
187.143 40

187.16085

187.17073

187.17733
187.18202

187.190 24
187.195 34

187.195 34

187.235 80
187.238 O6G

188.149 28

188.16439

188.225 43
188.249 28

188.29790
188.368 10

188.370 48

188.387 70

188.387 70
188.401 58

188.427 35

188.43591

188.454 46

188.45446
188.457 45

188.457 45
188.46315

188.46591
188.500 80

188.53706

ES
AS

E
E

a
E

ES
NS

E

]
]

%w
a

m

*

| f­

T
T

O
D

O
v
T

Y
O

T
O

J
IO

N
H

A
ID

T
IA

D
A

D
D

O
D

U
T

U
V

ID
O

D
O

D
O

D
O

X

V
N

O
O

N
N

a
A

N
O

U
N

U
A

N
A

D
A

A
N

N
U

N
N

U
O

N A
Y

N
A

U
A

N
N

U
N

S
U

O
U

N
A

a
A

r
F

N
H

N
O

N
U

U
N

N
U

N
J
U

A
N

O
U

G
U

N
N

J
U

A
N

I
H

U
A

R
A

U
N

O
L

L
N

U
R

4
E

do
o

4
4

x

|)
&

O
O

O
U

m
s|

N
U

N
N

O
R

A
N

N
E

4
A

o
do

a
a

x

m
qN

m
>

L»
D

N
L
S

m
T

Q
E

N
O

D
S

D
S

O
o

o
H

N
O

O
N

D
LD

O
D

O
O

G
o
b

ND
AD

O
A>

C
E

L
S

O
]

HO
LD

O
G

H
L
D

I
N

L
I
O E

H
G

o
o

N
IH

R
AO

LO
H

B
E

N
I

ÉU
OO

S2
>

m
N

Q
N

>
S

»
>

>
>

q
0
N

D
>

D
L
D

>
D

N
H

>
S

0
0
S

C
U

R
I

N
O

N
O

N
E

L
S

L
D

E
E

Â
Q

N
Á

H
M

O
E

G
o
ú
m

I3
B

S
E

C
ID

E
O

S
E

b
b

E
>

S
IE

N
Q

H
E

N
S

D
o

L
N

D
L

D
D

D
L

D
2

S
2

0
0

O
G

q
o

E
H

H
D

4
MR

A
A

A

ME
ME

E
de

o
a
r

a
do

a

U
N

S
Ca

o
E

O
T

U
IO

Y
U

H
O

T
O

T
O

O
T

IT
T

IY
T

Y
T

O
D

O
D

O
T

O
O

Y
D

O
D

O
O

U

A

cm 1 2 3 4 5 6 7 :unesp 12 13 14 15 16 17 18 19



upper state lower state

T(n,K ; JJ)”(n, K ; /cm
upper state lower state

Tin,K ; JJ)”(n, K

1 7; 23) SR (O,
—8 ;17) SR eo,
­—8 ;16) SR —O,
­8 ;15) SR (o,

; 20) SR — (2,
6) SR — O,

; 14) SR — (0,
; 18) SR — (o,

—C,
(o,

—((o,
— o,
(0,
— (0,
(0,
(0,
—((o,
(o,
—(1,
—(1,

Po,
(1,
—(1,
—(1,
—(1,
(0,
—Co,
—(2,
—o,
(1,

— (o,
— (0,
(0,
(o,
(1,
(1,
+ (0,
O,
—(1,
o,

RA
SA

ua
ua

au
au

Su
Su

a
ME

E
de

E
3

a
o

ao
ME

A
do

o
do

o
o

ro
a

m
m

m
q
N

H
H

E
N

N
N N

=
O

Ng
es

es
pe

po
pos

pu
tp

u
pl

io
3

p
u

pu
O

Du
pu

po
pl

U
w

w

N
AN

AN
A

EN
A

AIR
AN

AR
ON

IEA
AN

EN
A

EN
E

EN
EN

EN
EN

ON
MEN

AN
A

EN
ER

AN
ER

OA
AN

AN
A

EEN
A

P
O

A
:

E)

ES

ES

ES

*

m
m

M
D

M
e
rN

n
b
h
;:

(1,
(2,
(1,
— (0,
— (1,
(0,
(0,
(o,
(0,
(1,

m
e

n
o

s

N
M U

=

­ !

4
4

4
+

—(1,
+ (o,
(1,
(1,
—eG,
(1,
(1,
(o,
—(1,
(o,

V
U

N
W

O
J
v
V

Y
o

o
W

U
SA

N
O

M
N

H
U

N
A

NV
AV

NU
NS

AN
VN

DO
MO

N
O

r<
P

O

1
&

o
w

o
n O

os
o
O

u
v
N

u
N

N
v
N

O
o
A

a
o

su
a

O
V

N
O

I
N

V
VO

O

4
o

o
do

do
o

o
a

+
+

— (0,
— (0,
(O,
—e,
—(,
Po,
(0,
o,
o,
(1,

(o,
o,
O,
— (0,
(1,N

a
n
o

a
r

O
N

N
N

N
V

O
O

L
AVA

N
N

P
M

m
m

s
P

R
C

P
E

C
A

S

m
m

P
>

m
m

AA
A

P
A

T
R

O
A

Es
m

m

= | |

E
n

­
”

D
U

T
O

S
O

N
A

NN
DT

UU
IU

VO
D

S
O

T
O

O
IN

D
O

T
Z

O
IA

T
U

T
V

T
U

Z
N

O
D

A
Z

D
O

T
Y

A
D

O
T

U
IA

Y
U

A
T

O
D

O
Z

II
A

D
A

Y
T

ID
O

T
U

Y
T

T
U

T
O

U
T

T
U

T
O

T
ID

O
O

'U

188.560 59

188.56298

188.621 98

188.678 03

188.71963

188.730 87

188.730 87

188.75403

188.767 93

188.776 98

188.776 98
188.780 47

188.786 56

188.792 80

188.798 59

188.82079

188.827 17

188.870 06

188.87241

188.88499

188.887 38

188.891 84

188.891 84

188.89375

188.89375

188.91012

188.946 34

188.953 38

188.993 59

189.071 55

189.159 14

189.160 37

189.187 02

189.202 56

189.216 88

189.304 18
189.353 50
189.388 17

189.388 17
189,40281

189.455 86

189.466 15

189,468 87

189.49263

189.498 85

189.501 00
189.504 96

189.504 96

189.546 90

189.546 90

189.560 49

189.600 93

189.622 09

189.694 20

189.698 89

189.763 30

189.829 77

189.854 51

189.893 24

189.900 02

189.902 45
189.902 45

189.940 13

189.945 27

189.954 06
189.978 21

189.978 21

189.982 46

189.982 46

190.01217

190.061 84

190.063 80

190.067 71

190.070 01
190.120 64

à
»

s
b

L
D

L
b
D

L
L
O

D
D

L
D

O
D

D
L

D
D

D
O

D
L

D
L

Z
D

O
H

Db
D

D
D

E
E

N
>

D
O

M
>

>
N

D
S

N
O

D
H

S
D

N
L
D

0
N

2
>

S
>

>
>

0
F

E
B

D
ES

EO
S

>N
G

U
2S

E
N

D

; 20) GR
; 28) GR
; 24) GR
; 23) SP
; 21) SR
; 22) SR
; 21) SR

L
S

OS
)

Es
E

R
A

M
AN

A
AA

AR
AR

AA
AR

A
AN

AA
E

A
A

A
m

—
—

N
U

Sq
ND

NN
MN

NUH
O

D
N

E
N

WQ
LE

N
O

M
m

m

r
m

P Ú

+
A

A

a
v
T

O
O

T
A

E
A

T
U

T
O

S
T

A
Z

S
J
A

N
O

Y
V

Y
O

T
U

D
O

J
O

O
Q

T
T

Y

E
S

)
a [A

ME
de

de
e

dr
de

do
ao

a
o

v
o

m
m

nr
N

n
e

M
o

de
do

do
a

à
é

x

m ­

oO
N

s
N

U
u
W

w
A

o
O

o
g
N

n
N

O
2%
Q

t
o

t
A

tL
q

N
k
M

O
m

r
0
0
0
0

à
r
i

L
O

R
E

N
A

b
h

O
m

00
m

s
m

»
h
R

O
N

O
N

O

C
NE

E
E

À

|

E
SES

E
À

|
V

N
O

J
V

A
r
N

O
r
F

P
N

N
NN

UN
N

R
A

N
O

O
N

MN
À

4
e

ao
4

E
do

de
do

a
a

4
x

x

À o

(1,
—(s,
(1,
(1,
e,

(1,
O,
(o,
(2,
(1,
(o,
(1,
—(1,
(1,
(1,

t a
O

r
J
N

A
V

R
B

A
D

IV
A

B
O

V
J
O

L
N

A
V

R
N

V
A

R
A

V
C

V
O

N
B

O
A

W
Ç

O
r
R O

S
C

U
L

V
N

A
J
O

N
Y

N
V

U
A

V
V

I
P

p
t

|
|

E
s

Í
|

r
r

AO
ÇS

O
N

N
W

O
Q

O
W

pmr
P[

4
r
p

GU
[p

H
q

q
N

O
| E
) m
E

N
Ç

N
S

L
R

A
E

D
O

S
D

S
S

S
L

O
N

LR
D»

DO
W

>L
ON

HU
OM

NS
E

L
D

L
W

LH
L

O
S

D
D

L
D

D
D

D
D

E
B

D
D

R
R

D
O

E
O

O
D

>
D

>
D

q
0
N

0
O

D
R

S
D

R
D

D
D

S
L

S
E

M
B

D
B

D
D

O
D

>
S

E
M 190.120 64

190.140 94

190.170 87

190.21878

190.255 58

190.264 18
190.307 26
190.337 93

190.338 86
190.348 03
190.379 36
190.387 05
190.387 O5
190.387 05
190.390 03

190.390 03

190.39372

190.40276

190.415 29

190.42277
190.42277
190.424 24

190.430 97
190.43313
190.449 10

190.456 72
190,488 60

190.50615

190.514 84

190.51831
190.53369

190.546 11
190.571 82

190.593 56

190.59561

190.617 29
190.623 06
190.637 08
190.637 OB

190.648 53

190.655 10
190.665 00
190.671 19
190.736 39
190.776 56

190.79625

190.899 38
190.954 50
190.960 45
190.976 15

190.997 51

191.017 12

191.064 30

191.11693
191.14325

191.16190
191.161 90

191.18408

191.25421
191.323 40
191.325 56

191.36707
191.426 97
191.426 97
191.48995

191.49496
191.501 89

191.518 60

191.539 03
191.574 86

191.66581

191.70116
191.71092
191.74372
191.771 77

cm 1 2 3 4 5 6 7 15 16 17 18 19



upper state lower state

T(n,K ; JJ)” = (n, K ,

upper state
T (n, K

1

lower state

JJ” = (n, K J)º

; 22) SR
; 3) SA
; 27) SR
; 22) GR
; 26) SR
; 26) GR

26) SR
26) SR

; 29) SR
; 20) GR

4) GR
4) GR
5) GR

; 20) SR
;13) SR

=

+

EO
A

au
ua

us
Sua

ua
ua

S
i

+

4
a

d
o

|

; 28) GR
8) SR

;16) SR
9) SR

*
*

+

M
A

M
AR

ON
AR

AR
AR

AR
AN

AR
IA

R
ER

PR
AR

EA
AR

A
E

E
EN

[e
NH

rE
H

p
ro

m
p

Â
e

N
N

H
E
N

H
N

NU
NO

N
IO

[4
O

H

; 29) SR
; 19) SP
;16) SP
; 24) SR
;26) SP
;27) SR
; 10) SR
; 26) SR
;26) SR
; 29) GR
;18) GR
; 26) SR

7) GR
3) GR

; 12) SP
; 22) SR
; 20) SR
; 23) GR
; 24) GR
; 25) SR

1) GR
; 25) GR
; 25) GR
; 33) SR
; 32) SR
; 24) SR
; 31) GR
; 18) GR

o) GR
; 30) SR

2) GR
2) GR

; 28) GR
;19) SP
;23) SR
; 29) SR

­
1

A
G

O
O

W
w

V
N

U
A

U
N

N
O

N
G

U
R

U
|S

A
Q

Q
O

A
V

r
e
A E
LE

N
O

R
h

R
A

h
O

N
+

U

t

m
A

Am
Am

AN
NA

N
AA

A
C

N
fa

fa

EC
N

NS
a

Su
a

ua
a

ua
Su

m
m

m
m

mm

R

R

Q
P

R

R

R
R

Q
R

P

P

R

R
P

R

Q
P

P

R

R

R

P

P

Q
Q
P

P

P

P

P

Q
P

R Ex |

I
I
I
,

F
E

S
T

EN
2

ua
ua

ua
a

ua
2

2

D
O

A
D

A

B
E

T
T

Y
|

1
v
O

U
A

q
B

*
M

oe
do

dr
do

do
xo

4
4

x
x

M
N

O
N

N
H

p
F

E
H

E
w

B
N

N
E

D
O

N
N

|E
[p

r
N

O
R

F
R

N
A

Q
O

Q
O

E
R

N
N
H

O
O

r
N

O
M

N
=

E
D

N
0

O
0

O
O

4
de

de
dé

3%
x

x

T
O

O
T

O
O

Q
O

V
IA

D
O

T
T

O
D

O
D

O
D

O
IA

T
V

T
T

Y
T

T
O

T
U

Y
U

O
O

D
O

D
O

U
O

"U
O

U

4
3H

A
A

A

e,
(o,
— (0,
(0,
(1,
—(1,
(1,
—(1,
— (o,

1
1
)

­
O

N
I
R

A
R

JA
RR

A
Q

G
EH

SA
Q

RO
R

A
N

H
N

D
M

D
O

U
N

M
C

O
U

m
H

O
0

O
O

N
O

O
C

U
Y

U
U

Y
U

Y
O

rP
R

H
E

H
H

O
O

O
r
É

r
e
r
e
O

U
U

A
U

P
S

L
E

O
EB

EE
HO

HN
SO

O
N

Y
X

"

191.78972
191.82978

191.83772
191.871 45

191.878 25

191.878 25

191.881 08

191.881 08

191.88202

191.91118

191.94028

191.968 51

191.97818

191.981 39
192.044 92

192.051 79
192.05179
192.059 23

192.067 12

192.075 21

192.11068

192.130 40

192.13311

192.18116

192.18497

192.219 44

192.247 12

192.268 92
192.289 82

192.364 84

192.369 70

192.38289

192.390 34

192.440 89

192.444 95

192.447 04

192.45411

192.48191

192.526 36
192.530 67

192.530 67
192.541 76

192.563 34

192.62525
192.679 26

192.695 22

192.730 98

192.733 02

192.76316

192.780 94M
E

m
M

b
E

G
IN

E
O

N
O

E
S

C
]N

IH
EE

HH
N

C
s
b

D
N

N
>

S
O

[0
D

E ES
D

L
O

0
D

L
B

L
D

A
U

O
E

O
D

2
G

O
b

D
n

D
D

>
>

>
0

O
O

192.801 68

192.801 68

192.806 17

192.807 34

192.828 02
192.828 56

192.84262

192.872 22

192.874 54

192.918 30

192.960 45

192.960 45
192.960 45

192.983 20

193.000 50

193.006 03

193.016 03

193.038 85

193.075 41

193.09063

193.098 61

193.11016

193.11668
193.13481
193.14316m

M
5N

N
H

N
D

A
b

D
L
D

L
D

O
N

O
C

A
D

O
G

b
H

O
>D

>»
>»

7576

7577

T578

75879

7580

7581

T582
7583

7584

7585

7586

7587
7588

7589

7590

7591

7592

7593

7594

7595

7596

7597

7598

7599

7600

7601

7602

7603

7604
7605

7606

7607

7608
7609

7610

7611

7612

7613

7614
7615

7616
7617

7618

7619

7620*
4

A

7621

7622

7623

7624

7625
7626

7627

7628

7629

7630

4
+

4
a

%
4

A
A

A

7631

7632

7633

7634

7635
7636

7637

7638

7639

7640EC
RS

a
as

aa
aa

aa
ua

e
2a

7641
7642

7643

T644
T645

7646

7647

7648

7649

7650N
E

o
do

do
d+

do
dá

4
x

Q 6,
Q6,
Qg(,
Q 6,
Q(,

P
rb

e
b
S

S
P

S
P

O
M

OU
VU

PV
NU

NN
DN

ND
NO

pá
3

bm
O)

OO
CO

O
3

o
a

a
a

a
a

a
a
a

a
ra

as
ras

ra
a

a
ras

M
A

A
AA

IA
A

Wm
rqw

rqr
Pp

ÚQ
N

O
N

m
s

n
m

a
ra

ra
ow

me
O

MO
m

m

W
m

rK
Â

Q
Q

P
E

— e
s

mm
—

—
(
T

S
E

D
e

a
e

a
a

m
NP

RB
E

IN
E

O
E

O
E

E
A

C
S

m
m

m
NM

m
mA

A
A

m
sE

o
T

O
D

Q
O

T
U

V
T

O
T

IT
U

D
O

IH
Z

O
D

O
T

Y
D

O
D

O
W

M
D

O
T

Y
IO

Z
N

D
O

D
O

D
D

O
D

O
D

O
D

O
D

O
D

O
T

O
D

O
O

D
O

D
O

A
Z

T
O

O
Q

O
IN

O
O

IN
A

D
A

O
D

O
IN

V
O

V
O

D
O

T
O

(1,
Qua,
Qua,
Qua,

U
­

N
O

R
L

R
B

R
B

O
N

U
N

U
N

U
O

J
O

U
R

S
B

P
O

O
L

p
H

qm
L[E

pR
N

E
LE

E
M

E
N

E
H

E
E

N
p

q
p

p
e

[
E

p
q

[
p

qe
H

O
N

H
E

E
K

E
p

rq
e

o
iq

p
q

w
p

m
q

w
e

p
p

n
m

n
m

H
q

N
n

N
Q

ro
H

m
e
p
r
o
u
p
h
b
h
b
h
h

O
rN

O
N

H
A

S
L[L

A
N

O
r

N
H

Hm 20) SR
19) GR
23) SR
18) SR
20) SR
17) SR
27) SR
16) SR
15) GR
23) SR
14) SR
26) GR
26) GR
13) SR
19) SR
27) SR
27) GR

O,
2,
— (o,
(2,
(o,

e.
o,
—e,
(2,
e,
o,
—G,
(O,
e,
+ (0,

(1,
(1,
—(1,
(1,
(2,
e,
+ (0,
—o,
e,
­(,

(1,
2,
(o,
(2,
(o,
(0,
e,
(0,
— (0,
(o,

O,
—(2,
(0,
0,
+ (o,
—(2,
o,
O,
o,

(o,
—(o,
(1,
o,
(0,
(0,
+ (0,
O,
(o,

o,
o,
(o,
(o,
(o,

!
m

m
M

O
N

U
N

m
M

N
O

R
A

N
H

O
U

R
O

O
A

r
L
O

N
N

O
O

y
v
=

|E
Â

e
N

N
O

O
O

O
O

O
O

O
O

=
O

0
O

O
0

O
O

0
O

O
O

O
M

o
o
O

o
O

o
O

o
O

o
O

o
=

M
O

O
N

O
O

yY
U

4N
4Â

U
H

O
V

H
O

G
O

O
W

O
rF

H
O

r
o

o
o

+
+

+
+

,

,

,

,

20) GR
; 19) GR
; 23) GR
; 18) GR
; 20) GR
;17) SR
; 28) GR
;16) SR

15) GR
22) SR

>
N

M
m

c
w

N
w

Â
ºH

IA
O

E
>

>
>

0
L

Q
N

I2
S

»
M

o
b

>
S

D
D

N
H

O
0

O
N

C
o

c
N

N
u
N

H
IN

O
N

O
H

E
N

D
H

U
Â

U
N

IE
O

O
H

N
O

O
N

O
E

D
A

A
D

D
L

D
D

O
L
D

II
N

O
E

N
D

O
M

E
S

H
H 193.174 53

193.20421

193.209 19
193.232 24

193.24276

193.258 58
193.27228
193.28338

193.306 55

193.32201

193.328 24

193.345 83
193.348 28
193.348 28

193.360 94

193.36298
193.36298
193.366 87

193.366 87

193.366 87

193.384 02
193.38678
193.399 69

193.41396

193.41396

193.424 68

193.426 51

193.436 27

193.438 36
193.438 36
193.441 30

193.447 70

193.450 23
193.450 23

193.45213

193.456 10
193.46290
193.466 92
193.468 51

193.471 92
193.473 37
193.473 37

193.47567

193.48367
193.500 96

193.51018

193.51747
193.530 30
193.53216

193.537 30
193.537 30

193.539 98
193.539 98

193.544 02
193.55218

193.55463

193.55463
193.561 64

193.574 54

193.606 16
193.62287

193.629 39
193.634 41

193.65495

193.663 40

193.669 56

193.678 88
193.705 44

193.707 76

193.71453
193.757 02

193.806 84

193.81815
193.837 16
193.863 03

cm 1 2 3 6 7 14 15 16 17 18 19



cm

upper state
; 9)” = (n, KT(n, K

lower state

; DD)”
upper state

T (n, K
lower state

Je (nm K H JP
Pp

fem"?!
S5­10º Int.
fem”! /au.

ME
E

dE
dr

de
3

3
o

o
EN

S
Au

ua
ua

ua
Au

SS
E

3
de

do
do

o
xo

x
4

do
do

do
o

*
*

..
*

E
O

a
as

as
aa

Sua
a

e
2

E
a

as
au

s
Su

ua
ua

as
a

À
*

*
*

.

(1, —2
(1, o
(1, —6
(2, —5
(1, 1
(a,
(1,
(1,
(1,

] FX
)

1

5

5

o

3

3

1

3

o

o

2
o

4

o

1

o

4

o

4

o

4

o

4
o

o

o

6

4

1

|
)

N
M

O
A

R
N

A

W
O

W
N

D
O

J
O

O
T

IT
H

O
U

A
A

U
D

O
Z

IZ
O

D
O

D
D

O
T

Y
T

O
Z

ID
O

N
A

H
D

O
D

O
D

O
IT

O
D

O
O

Y
O

IO
V

O
O

D
D

D
O

D
O

D
O

D
O

T
O

IG
H

D
O

T
T

A
S

IU
Y

U
D

O
T

ID
IA

D
O

'U

|
(|

FS

; 9) Sº
;13) SR
;21) SR
; 23) SR
;19) SR
; 24) SR
; 28) GR
;12) GR

6) GR
; 13) SR

4) GR
;25) SR
;25) SR
;11) SR
;25) SR
; 26) SR
; 20) SR
' 17) GR
; 10) SP

8) GR
; 29) GR

7) GR
; 21) GR

6) GR
; 28) GR

5) GR
; 24) GR

4) GR

3) GR

(0, —3
(0, 1
— (0, —7
(1, —4
(0, O
(0, 86
—(0, 7
(0, 1
—(0, —1
—(0, 6

(2,
(O,
(o,
(o,
(2,
(1,
(o,
— (0,
(O,
— (0,

U
D

D

(o,
(o,
(0,
—o,
— (0,
— (0,
o,
(O,
(o,
(O,

|
m

a
e

g
p

A
r
s
S

Q
r
H

N
O

r
P

N
P

U
S

R
P

P
rR

A
R

A
O

N
A

P
P

A

(o,
—o,
Po,
(o,
—(0,
—(1,
e,
o,
— (0,
(O,

(o,
+ (o,
(o,
+ (0,
(0,
o,
(O,
o,
(o,
O,

(0,
(o,
(0,
+ (0,

;13) SR
; 13) GR
;23) SR

; 23) SR
; 20) GR

; 27) GR
; 27) SR
;18) SR
; 24) SR

;10) SR
;13) SR
; 20) SR
; 22) SR
;19) SR
;23) GR
;29) SR
;12) SR

7) SR
; 12) SR

3) GR
; 26) SR
; 26) SR
;11) SR
;24) SR
;25) SR
; 20) SR
;18) SR
;10) SR

9) GR
; 20) GR

8) GR
; 29) SR

7) GR
; 21) GR

6) GR
;28) SR

5) GR
' 23) GR

a) SR
; 28) SR
; 3) SR
;om GR

2) SR
1) SR

;18) SR
; 19) GR
; 26) GR
; 22) GR
; 25) GR
; 19) SR
; 24) GR

; 22) SR
; 26) GR

2) GR
; 21) SR
; 20) SR
; 18) SR
; 19) GR

;2n) SR
; 27) GR
; 23) SR
; 27) GR
;17) SR
; 21) GR
; 30) GR

4) GR
; 26) GR
; 16) GR
; 30) GR
; 27) SP
;15) SP
;29) SR
; o) SR
; 28) SR
;18) PR E

m
m

M
m

m
M

E
N

O
N

O
N

H
D

E
W

S
M

>
>

8
6

W
N

>
S

>
1

0
»

A
0

B
0

D
t

L
h
0
N

S
2
0
A

E
O

N
H

N
IL

N
O

L
R

L
O

E
N

H
N

IN
E

G
O

N
H

2
A

W
u

L
h

H
G

H
b

L
D

O
G

O
N

E
LS

D
E

N
D

H
O

M 193.865 86

193.910 17

193.926 48

193.932 64

193.940 83

193.940 83

193.956 22

193.976 38

193.984 17

193.992 39

194.004 78

194.019 66

194.035 98
194.035 98

194.053 22

194.057 37

194.08291

194.087 27

194.089 54

194.137 DO

*

194.178 30

194.178 30
194.204 82

194.215 42

194.244 53
194.246 83

194.260 09

194.27333

194.28206

194.295 37

194.29537
194.312 37

194.317 00

194.32513
194.333 69

194.345 87

194.359 54

194.374 55

194.42574

194.433 02

6
de

de
de

de
eo

do
do

o
EJ

N
aa

ua
ua

a
a

Su
Sa

SE
*

..

194.48295

194.491 76

194.51035

194.52435

194.551 30

194.610 55

194.624 44
194.62587

194.632 06

194.66119

M
M

A
A

A
4

+

194.669 48

194.727 79

194.77761

194.78551

194.841 99

194.841 99

194.841 99

194.846 20

194.846 20

194.846 20

4
A

do
de

do
do

do
do

a

194.85238
194.88221

194.897 16

194.934 20

194.934 20

194.940 04

194.946 67

194.950 74

194.955 77

194.993 07

ES
a

Su
Su

Su
rS

ua
Su

Su
Su

195.002 54

195.00421

195.043 83

195.050 02
195.052 06 EC

S
a

ua
a

ua
a

au
e

Ea

6

Q (1,
Q(,
R (1,
R (2,
Qua,

o,
Qa,
R (2,

a,
(a,
a,
a,
(3,
(1,
a,

(1,
G,
a,
a,
CG,
G,
[6
a,
GG,
[6

a,
(3,
a,
a,
G,
(1,
(1,
a,
a,
a,

G,
a,
G,
[6
(1,
GC,
(GB,

m
e

n

C
al

ad
o

P
N

P
S

S
Á

N
IP

Y
P

3
D

O
R

S
O

T
S

T
S

S
T

TE
NS

TE
SE

V
T

T
H

O
D

O
D

D
O

D
O

D
D

O
D

O
N

IT
O

J
O

T
IZ

D
D

O
D

O
T

Y
T

O
D

O
T

O
Z

N
IA

T
Z

O
D

O
D

O
T

O
D

O
D

O
D

T
O

Y
D

O
T

O
O

ID
V

T
O

O
Y

T
Y

U
O

IU
IV

D
N

AN
AA

EA
A

E
PA

A
A

N

[
P

S
T

—4

27
—3

—1l

1

o
|

1
O

N
R

N
V

O
R

r
e

O
R

rq
>

<
H

4
H

H
q

4
h

io
A

j
u
s

U
|

W
w

u
U

U
a
R

e
O

O
O

O
O

OD
OO

O
rP

O
N

O
V

O
O

V
O

N
U

O
O

O
N

A
O

O
N

O

; 14) GR
17) SR

; 21) GR
; 22) SR
; 25) SR
; 27) SP
;13) SR

7) GR
1) GR
2) GR

(0, —5
(0, 1
(0, —4
—(1, O
(0, O

O,
(o,
e,
(O,
(o,
o,
—(1,
—e,
(o,
(o,

u
m

(o,
—(2,
(0,
Po,
—e,
O,
(0,
(o,
—(2,
(0,

+ (0,
—,
(o,
(0,
e,
o,
o,
—(o,
(o,
(o,

—Q,
(0,
(2,

U
t

|
P

E
N

L
N

V
N

O
RN

HE
OÕ

OO
UW

S
HE

HE
QU

L
B

A
a

A
J
E U
R

UA
O

L
H

A
U

N
HEHÉ

MOÁ
AO

U
r
r
A

U
L

N
A

M
O

r
NL

GU
UN
N

E
F

H
F

O
N

N
O

U
n

r
+ nm

A
h

U
N

H
E

L
L

E
p[p

EÂ
E

D
O

N
H

H

D
+

; 14) GR
;17) SR
; 20) SR
;21) SR
; 25) SR
; 27) SR
; 13) GR

6) GR
o) GR
3) GR
3) GR

; 30) GR
; 26) SR

3) GR
3) GR

;12) SR
;25) SR
; 23) SR
;11) SR
; 10) SR
; 24) SR
; 10) SR
; 23) SR
; 23) SR

9) GR
; 12) GR
; 22) GR

7) GR
8) GR

; 21) SR
7) GR

; 16) SP
; 15) GR
; 26) SR

6) GR
; 20) SP

5) GR
; 19) GR
; 21) GR
; 24) GR
; 23) GR
; 18) GR
121) SP
; 17) GR
;16) SR
; 15) GR

9) GR
; 15) GR
;14) SR
; 13) SR
; 13) GR
; 26) SP
. 28) GR
;12) GR

4) GR
;11) SR

6) GR
; 25) SR

195.052 06
195.06091

195.075 66

195.080 16

195.084 47

195.094 42
195.099 47
195.101 O8

195.126 84

195.129 05

195.12905

195.12905
195.137 48

195.137 48

195.137 48

195.144 47

195.177 56

195.18438

195.18670
195.19250

195.21655

195.226 08

195.244 39

195.25378

195.26229

195.278 61
195.289 12
195.290 79

195.295 45

195.32294

195.32531

195.33213
195.339 42

195.341 20

195.351 49

195.355 18

195.374 44
195.385 59
195.393 54

195.394 05

195.411 33

195.41441

195.420 99

195.44161
195.467 24

195.470 87

195.47983

195.491 34

195.51360

195.534 48
195.542 37

195.54635

195.548 93

195.553 84
195.567 40

195.571 68

195.576 66
195.577 60

195.587 94

195.590 53

195.60263
195.61581

195.61581

195.627 63
195.637 91

195.646 67

195.65403

195.659 94

195.664 33

195.666 95

195.66695

195.730 22
195.757 92
195.76979
195.78999

»
>

m
c
b

H
N

E
E

N
N

H
W

L
O

m
H

N
O

vV
U

Q
Q

N
D

H
e

Q
O

N
D

H
O

O
C

O
L

N
>

D
O

N
D

O
E

O
N

m
L

L
D

0
0

0
7

0
2

EN
S

C
H

E
H

N
M

>
M

N
H

O
W

S
ne

nq
0
D

L
D

R
2
H

E
O

N
G

H
E

N
O

>
O

5346

7425

4455

3465

6930

3564

4926

7328

4752

7326

7326

7326
7623

7623

7623

4653

4257

1881
4356

8712

4455

4158

3861

5049

4158

4653

5841

3465

4257

5841

4158

7722

6039

6336

2970

5544

2178

5841

3311
3762

5742

6336

2673

6336

6534

3366

6831

7821
6534

6534

2574

5742

1584

6633

7227

7029

4851

3158

7326

8316

6534

7722

7722

6435

6336

6237

5544

5247
4851

5247

5247

3267

1584

2673

5445

| iunesp” 16 17 18 19



upper state
T (n,

lower state

K ;JI)” = (n,
upper state

T (n, K
lower state

JJ” e (n, K ; 3)”

EE
a

Na
a

Ss
ES

a
Ss

ua
Su

a
ua

ua
a

ua
Nu

Su
Su

Su
Nua

a
Su

e
a

E
e

a
ur

e
a

a
Nr

o
a

E
r
r

a
EC

a
ua

a
a

ua
ua

Ea
ES

a
a

a
a

ua
a

ua
Ae

%
A

A
A

A
A

*
*

*
*

o
+

[S
E

S
C

o
P

e
rr

rN
N

D
D

P
D

D
P

E
P

P
S

:

(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(

(
(
(
(
(
(
(
(
(
(

(
(
(
(
( N

E
NP

ES
R
N

O
N

UU
U

W
EE

H
EH

SD
D

SD
N

O
R

m
m

[
P

S
O

E
a

s

­
m

m

N
e

m
A

m
A

P
A

C
m

—

rm
to

m
m

m
m

s
m

s
s
ã

.
a

D
av

a
m

o

N
|

J

m
m

A
A

A

o
Na

D
O

D
O

D
O

D
O

IV
T

Y
T

U
O

D
O

W
N

T
A

A
N

V
ID

O
T

O
U

T
U

D
O

ID
N

D
D

O
U

A
T

U
T

U
T

U
N

A
U

O
S

O
S

J
IA

D
Q

D
T

U
O

IV
A

O
D

ID
IZ

D
ID

T
D

O
O

Y
O

IO
IV

T
IO

D
O

Y
U

c
o

)

Fo,
o,
(0,
o,
e,
—(1,
(o,
o,
— (0,
(o,

o,
— (0,
o,
—(1,
—(1,
—(,
(1,
(o,

—(o,
o,

(0,

m
s

b
b

s
S

s
b
q
h
N

D
A

Z
A

U
0
D

D
O

N
O

NS
DD

2L
DO

U
n

B
C

O
S

O
D

>
D

D
D

N
8

S
0

R
D

D
E

O
E

N
H

E
e
N

Q
M

IN
R

S
G

O
L

S
DL

DD
R2

DO
R

e
2

>
D

>
H

b
O

N
2

2
>

> 195.796 06

195.835 54

195.88376

195.907 53

195.91013

195.95617

196.007 64

196.010 44
196.026 94

196.066 41

196.17451

196.21635

196.28275

196.31493

196.31493

196.32031

196.32031

196.336 00

196.381 20

196.439 44

196.484 12

196.487 10

196.49579

196.538 57

196.541 17

196.547 29

196.596 37

196.598 47

196.609 37

196.631 13

196.63113
196.643 52

196.660 49

196.669 97

196.681 89

196.693 10

196.71499

196.71499

196.717 89

196.717 89

196.72220
196.749 28
196.79073

196.840 03

196.841 91

196.85379

196.882 24
196.882 24

196.890 69
196.89571

196.907 70

196.93319

196.969 21
196.994 00
196.994 00

197.029 86

197.088 93

197.095 45

197.099 94

197.12345

197.125 70
197.128 57

197.131 46

197.131 46

197.14332

197.167 46

197.170 06

197.17222

197.196 82

197.204 85

197.241 03

197.247 B4
197.25235
197.25235

197.285 58

M
E

E
46

do
de

de
do

+
%

4
A

A
A

*
*

o
do

ao
de

de
4

3
do

4
+

4
A

A
A+

A
*

4
4

+

QoG,
P (1,
RG,

O —

P
S

P
O

e
s
o
n
s
y
"w

m
e

m
m

RN
)

3
O)

O)
O)

e
e

o
I
p

E
E

E
O

O
DX

B
C

E
S

A
R

AR
OS

PS
AA

A
A

A
A

AA
A

A
AA

PA
A

A
AN

AN
AR

AN
MEN

POR
AR

AA
A

AA
IA

AA
A

A
R

&
GO

&
O

3
O

6
m

m
O

6
0

H
|
$ HM

2
O

T
T

B
I
T

TIT
OV

IO
D3

OO
S

OR
AR

AA
OA

OA
EA

PA
OA

A
AA

EN
EN

EN
A

PA
EA

&I
NO

NO
O

m
r

S
O

S
e

O
2
2
2

O

D
IO

D
O

D
O

D
O

O
D

O
N

N
O

B
H

D
O

D
O

D
O

D
O

D
O

V
T

O
D

O
D

D
O

D
O

D
O

D
O

D
O

D
O

D
D

D
O

D
D

O
D

D
O

D
O

T
O

D
O

D
O

D
O

Z
H

D
O

D
O

A
T

U
V

ID
O

O
N

O
D

O
D

D
O

O
D

O
O

D
O

O

D
D

D
D

a
N

A
S

p
á
C

Se
o

a
o

03
O)

O
NO

V
N

N
O

r
M

E
M

S
H

E
N

N
N

L
E

E
N

U
A

Y
O

r
R

H
P

E
O

N
N

E
LE

R
E

L
E

N
N

p
Á

Â
É

p
[E

A
R

A
N e,

(o,
e,
(2,
o,

; 25) SR
; 26) SP

r
L
D

L
L
L
R

A
A

L
A

D
D

L
D

D
D

R
A

D
D

b
b
D

b
B

D
B

D
L
D

A
D

D
D

h
L
b
D

b
h
B

L
L
B

D
E

L
D

B
L
D

D
E

U
DL

BD
DD

DD
BD

D>
ab

aD
M

EH
D

D
D

Q
O

S
sS

>D
>D

D
D

D
Lb

LB
E

B
D

D
b
b
D

> 197.289 67
197.306 15
197.324 10

197.329 74
197.356 34

197.356 34
197.36295
197.368 05

197.39991

197.404 59
197.43516

197.439 43

197.443 29
197.44329

197.459 47

197.459 47
197.46871
197.47271

197.47474

197.478 93

197.48505

197.49362
197.497 24
197.500 57
197.50401

197.51295
197.51295
197.52353
197.530 86

197.53383

197.559 24

197.561 98
197.56517
197.56517
197.56517

197.586 14
197.588 56

197.611 30
197.61352

197.63481

197.636 89

197.644 84
197.644 84
197.656 84

197.658 37

197.67200
197.672 00
197.676 93

197.678 42

197.697 O8
197.697 O8
197.708 22

197.708 22
197.71334
197.725 09

197.728 84

197.74267
197.754 34
197.754 34
197.754 34
197.76578

197.77496
197.782 27

197.78227
197.78227

197.78863
197.788 63
197.788 63

197.79329

197.808 51
197.808 51
197.87265

197.87265
197.908 33
197.919 36

cm 6 7 14 15 16 17 18 19



Index upper state
T (n, K ; 3)”ºe (n, K

lower state

; 3)”
Index upper state

T (n, K ; 3)” = (n, K
lower state

; 3)”

M
E

o
o

do
do

a
ES

A
au

a
a

a
E

SE
E

4
do

de
do

o
o

a
a

E
Sa

a
a

2a
4

A
EC

a
aa

us
ua

ua
ua

Au

R (2,
Q,
Qa,
R (1,
R (1,
Qu,
P (1,
Q:,
Q(,
P 3,

R (2,
R (3,
R (2,
P (3,
R (2,
Qua,
R (1,
R (1,
P (4,
R (2,

—2 ;24) SR (1,1
2 +; 8) SR (O, 1
2 ; 8) SR (0, 1

—3 ;23) SR —(0,­4
1; SR (o, 2
2+; 9) SR (0, 1

24) SR (0,
+; 10) SR —(O,
+; 21) SR — (0,

; 23) GR
7) GR
3) GR

; 24) SR
; 24) SR

9) SR
;11) SR

3) SR

A
O

N
U

N
P

A
R

A
Q

O
N

O
N

W
O

W
N

N
E

AR
AR

V
E

N
N

U
RB

RN
O

O
N

U
O

O
O

U
qm
N

H
NM4

2

1

2

6

1

1

1

4

2

1

5

1

5

6

6

1

2

6

5

5

2

1

3

2

7

5

3

5

3

2

4

7

3

1
3

O
N

W
e

m
á

a
s
n

q Hg
p
a

N
P

B
R

P
R

O
U

N
U

N
O

U
N

P
O

M
N

O
N

E
H

O
N

E
R

P
O

R
O

N
M

N

3 =; 30) SR

; 23) SR
+; 8) GR
+; a) GR

;22) SR
6) SR
9) GR

. 25) GR
; 10) GR
; 21) SR
; 24) SR

6) SR
2) GR

; 23) SR
; 25) SR

8) GR
. 11) GR

2) GR
; 26) SR
; 27) SR
; 12) GR
; 16) GR
; 23) GR
; 20) SR
. 12) GR

; 25) SR
; 21) SR
" 13) GR
: 19) GR

5) GR
. 28) GR
. 10) GR
. 14) GR
. 28) GR
; 31) SR
; 13) SR
; 14) SR
; 26) SR
. 21) GR
; 27) SR
. 15) GR
;18) SR

6) GR
7) GR

. 26) GR
" 15) GR

4) GR
; 13) GR
; ) SR
;a7) SR
; 25) SR
;16) SR
; 19) SR
; 16) SR
; 16) SR
; 22) SR
;16) SR

2) SR
;15) GR
; 17) GR
;15) GR
; 15) SR

+;14) SR
+; 23) GR
7; 23) SR

=. 30) GR
+;18) SR
+. 30) GR
+; 30) GR
+. 13) SR
+. 17) GR
7; 27) SR
­; 26) SR
­;25) SR A

>
»
»
»

=
>

»
.

>­
>>

N8
H

o>
>

N
M

>
u
E

>
>

>
>

>
»

>
>

v
N

to
h
n
>

G
c
to

b
>

»
5
H

c
u

G
>

S
L
>

1
m

6
h
tN

tN
2
O

E
L

2
S

0
5

L
D

2
>

20
0

L
E

L
L

O
O

0H
O

E
W

L
D

O
L

R
O

N
D

O
O

O 197.94021

197.946 45

197.946 45
197.99481

198.028 45

198.029 89

198.11226
198.12318

198.12519

198.14644 |

198.15263

198.173 43

198.18335

198.19901

198.21872

198.226 54

198.255 23

198.283 37

198.293 44

198.304 94

198.304 94
198.308 52

198.31568

198.340 12

198.344 51

198.345 94
198.345 94
198.464 03

198.491 72

198.494 52

198.497 37

198.499 47

198.503 22
198.507 73

198.55971

198.594 84

198.598 51

198.607 38
198.61939

198.61939

198.653 69

198.65369

198.688 35

198.693 40

198.739 42

198.74368

198.755 82

198.77205

198.800 16

198.802 84

198.825 88

198.899 74

198.903 23

198.938 95

198.978 91

199.006 58

199.01352
199.036 59

199.063 23

199.066 92

199.155 35

199.169 19

199.176 43

199.201 38

199.207 61

199.241 36

199.241 36

199.245 20
199.249 53

199.249 53

199.27938
199.282 52

199.286 95
199.30065

199.317 64

M
EE

o
E

SS
a

ua
a

au
sa

u
ua

au
Mo

E
do

ar
ro

do
do

do
do

+
EC

SE
ea

es
Ra

ua
E

4
A

A
A

Qua,
Qua
Qa,

,O
m

m

r
m

P
P

P
P

P
P

E
P

N
P

O
S

P
N

U
D

AL
E

E
N

E
R

E
e
e
e
s
e

[q
q

e
s

p
e

Q
N

H
Á

E
EL

SL
N

H
E

m
H

O
N

QU
B

E
E

EN
H

O
E

e
e

e
e

me
e

e
e

es
e

e
o

e
ms

o
o

me
P

P
e

rS

T
IT

O
O

D
TU

VO
S

CT
A

T
U

T
U

V
O

D
U

ID
O

D
O

D
O

D
O

D
O

D
D

O
D

O
N

D
O

T
ID

O
O

H
N

H
O

O
T

IZ
D

Y
V

O
N

D
O

IO
D

O
D

D
O

D
O

D
O

N
Z

N
O

N
D

O
D

O
D

O
J
IO

IO
U

R
O

[E
ST

E
CO

ER
A

f
a

; 24) SR (O,
; 23) SR — (O,
; 12) SR
; 22) GR
; 21) GR
121) SR
;19) SR
; 25) SR
; 20) SR
; 24) SR

N&
O

W
U

W
U

JW
N

UM
A

U
O]

OU
SP

[S
E

U
S

HS
m

[E
N

H
EN

LE
REE

ÂN
H

[q
w

W
e

é
o

w
K

p
O

A
O

L
L

L
E

R
A

R
Q

O
L
S

L
mp

NU
Nm

M[N
EB

eR
H

O
M

O
N
p
r
q

N
H

E
E

P
E

N
O

[q
p

p
Â

q
r[

q
L

o
q

<
o | ; 11) SR

; 19) SR
; 18) SR
; 10) GR
; 17) SR
; 31) SR
; 16) SR

8) GR
;15) SR

9) GR
; 14) GR
; 20) GR
; 13) GR

8) GR
; 12) GR

8) GR
;11) SR
; 28) SR
; 10) GR
; 23) SR

4) GR
; 25) GR
; 22) GR

6) GR
9) GR

; 25) GR
; 10) GR

8) GR
5) GR
7) GR

; 27) GR
;23) GR

4) GR
4) GR
4) GR
6) GR
5) GR
3) GR
3) GR
4) GR
4) GR

; 21) GR
2) SR
2) SR
3) SR
3) SR

;14) GR
2) GR
2) GR

; 25) SR
. 19) GR
; 14) SP
; 30) GR
; 28) GR
; 16) SR
; 22) GR

3) GR
8) GR

; 29) GR
; 29) GR
san) SP
;11) SR

8) GR;

; 26) SR

t
O

N
V

N
H

O
U

N
U

b
B

N
N

N
A

N
MNM

N
N

Iq
P

N
N

D
O

N
N

U
N

N
O

N
N

O
R

N
N

N
O

U
O N
D

N
IH

O
O

U
N

A
N

U
N

N
N

U
N

N
D

N
NU

NN
N

D
M

N
U

O
N

N
U

N
N

N
A

N
D

P
D

P
E

R
A

NN
UO

N
N

M
Ú

1
1

U
N

A
A

Q
G

R
A

J
F

+
+

m
m

C
6
>

S
N

IN
"S

D
IO

L
D

S
O

b
b

ED
LD

DR
RD

D
OO

D
D

R
D

D
D

A
R

D
O

D
D

b
H

O
W

b
D

>
D

H
q

O
>

D
t
u
mHD

C
D

O
R

D
S

D
D

R
D

D
R

L
E

O
R

D
Db

Eb
DD

LD
DL

BO
S

U
D

O
D

à
»
>

D
D

D
> 199.337 50

199.360 00

199.371 38

199.384 69

199.41121

199.432 87

199.43523

199.436 27

199.439 27

199.443 84

199.454 32

199.468 48

199.498 62

199.528 67

199.528 67

199.546 95

199.559 57

199.56299

199.590 00

199.59421

199.620 03

199.636 45

199.649 37

199.651 91

199.677 67

199.70260
199.70260
199.70465

199.719 09

199.730 62

199.730 62
199.736 27
199.736 27
199.745 37
199.74537

199.754 37

199.75683

199.775 88

199.77588
199.781 77

199.796 65

199.800 82

199.800 82

199.811 69

199.811 69

199.81421
199.81421

199.830 25

199.835 26

199.835 26
199.843 36
199.843 36

199.849 54

199.85365
199.85365

199.85365

199.853 65
199.859 12

199.86203

199.86203
199.893 86

199.91069

199.924 62

199.979 82

200.036 07

200.051 64

200.074 26

200.087 99

200.104 86

200.126 74
200.136 96

200.216 15
200.216 15

200.246 77

200.26110

cm 3 4 5 6 7 13 14 15 16 17 18 19



T(n, K
upper state lower state

; 7)” (n, K ; D)*
PÁ

fem"![3

si. 101
fem"!

Int.

/au.
upper state lower state

T(n,K ; NJ) *e (n, K + J)* q

—2

2

—­7

EN
S

NS
a

a
ua

CA
EN

SN
S

S
s

S
S

AS
E

U
o

N
N

R
O

A
O

M
N

Pi
RO

ND
O

O
es

er
es

e
O

me
e

e
(3

)
e

ue
pu

po
o

pl
|

O
I

LAR
AR

AR
AR

IA
OR

IA
PA

AA
AA
R

I
A

A
AA

PN
A

A
A

A
P

A
P

A

E
Sa

aa
2

E
À

D
a

”
DP

W
rm

N
O

C
O

N
N

N
D

O
N

M
N

D
R

A
RA

hA
ON

SV
O

N

m
m

s
m

e
H4

So
m

m

sp
oP

r

P

Q
P
P

P

FP

R

P

R

R

R

Q
R

Q
P

R

R

R

R

R

R

R

R
R

P

P

Q
P

R

P

P

R

R
R

Q
Q

m
m

s

m
m

“
.
.
.

E ")

d
e

dE
E

e
ro

pl = ­

M
A

E
3

o
o

4
a

dá
x

E
a

Su
ua

au
au

a
Su

Su

|
|

1
D

A
U

|
U

|
|

U
w

o
u

v
Y

U
N

Q
Ç

U
A

O
P

U
R

G
U

A
M

N
O

N
E

A
N

D
P

W
O

N
Q

U
L
N

H
A

N
G

U
U

U
U

R
N

EL
Sa

a
au

s
2

ua
Sua

aaa
aaa

R
U

V
N

V
N

N
D

N
N

O
O

N
O

,

+.
5;

;

;

,

5) SR (o,
23) SR (o,
19) SR (o,
24) SR — (0,
2) SP (O,

; 23) SR — (0,
3) SR 2,

; 11) SP (O,
; 18) SR — (o,
; 18) SR — (o,
. 24) GR (2,
; 24) SR — (o,

4) SR — (0,;

; 30) SR — (O,
; 17) SR —(o,
; 32) SR (1,
; 32) SR (1,
; 32) SR (1,
; 32) SR (1,
; 32) SR — (O,

2) SR ço,
2) SR — (O,
2) SR ço,
2) SR — (o,

;13) SR (1,
; 13) SR (o,
; 25) SR (O,
; 15) SR — (o,
; 25) SR (O,
;21) SP
; 21) SP — (O,
; 26) SR (1,
;28) SR (2,

9) SR — (o,
; 26) SR — (0,
;29) SR
;29) GR
; 28) SR (1,

9) SR (1,
—(1,

Ú e

U
N

|
|

U
U

|
|

U
1

A
N

N
A

U
N

A
O

N
I
E

I
H

O
U

S
P

O
O

O
U

N
b
B

O
U

N
E

N
U

N
A

R
A

R
O

S
A

r
q

nm
qq

EE
E

V
O

W
W

0W
U

N
E

R
O

À
|4

O
N

W
N

D O

200.293 45
200.31093

200.319 40
200.338 49
200.341 27

200.355 23

200.363 74
200.410 66

200.451 93

200.498 20

200.55201

200.55965

200.594 02

200.594 02
200.620 67

200.694 44
200.694 44
200.704 16

200.704 16

200.730 96

200.741 13

200.741 13

200.767 64

200.767 64

200.77215

200,81973

200.81973
200.846 88

200.886 16

200.907 72

200.91204

200.927 63

200,956 35
201.090 30

201.092 82

201.127 33

201.148 54
201.247 17

201.249 80

201.293 00

201.297 01
201.330 80

201.342 08
201.35283

201.369 17
201.377 60

201.392 80

201.400 58
201.41200

201.445 86

201.457 90

201.48305

201.493 30

201.538 67

201.601 88

201.63499

201.651 63
201.674 42

201.70093

201.706 77

201.78369
201.80371

201.833 67

201.889 06

201.893 88

201.896 51

201.91556

201.923 40

201.92572

201.938 88

201.975 97

201.98321

202.009 35

202.014 01
202.041 99m

m
m

M
>

»
>

>
G

m
D

L
2
D

0
2
0
H

s
E

S
N

b
N

E
N

H
O

W
N

W
E

LS
D0

W
N0

]U
0H

G
o

b
LD

OD
OL

AO
NO

RL
E

D
L
L
O

O
L
R

D
R

L
D

D
D

D
D

DL
RL

BO
W

OD
O

D
>

E
O

S
N

S
O 0.5

1.0

11

5.4

7029

6732

2079
1386

3861
5148

2475

3663

5148

5049

4752

7920

6039

6039

3663

3267

3267

3267

3267

1089

6435

6435

6534

6534

3168

cm 1 2 6 7

EA
S

aa
ua

au
us

us
a

a
*

ES
as

us
au

sS
u

À
4

o
do

do
de

de
a

a
4

E
a

a
as

ua
au

sN
uas

aa
E

Mo
de

o
de

do
o

do
do

a
x

*
4

do
de

do
de

do
o

4
do

do
4

eo
de

a
a

4
x

;21) SR
; 25) SR
; 27) SR
; 33) SR

+; 33) GR
; 5) SR

7; 33) SR
; 33) SR

3) GR
+; 3) GR
+. 30) GR

; 26) GR
; 16) GR

3) GR
3) GR

N
ENO

e
|

M
A

M
A
Am

m
e
m

m
m

E
N

N
e

n
r
n

p
b

L
Y

y
m

e
e

n
p

q
N

n
N

N
n

to
o

NM

H

j

; 12) GR
; 27) SR
; 14) SR
; 12) GR

r
P

r
e

r
s
ç
s

|

+
.

N
N

N
E

E
E

E
E

N
A

N
P

e
o

a
a

r
q

r
O

a
O

N
N

P
a

G
Q

U
U

A
L

N
L

P
L

R
Q

U
O

P
N

O
N

N
U

N
O

U
N

N
N

A
R

O
R

h
UO

]OM
WO

Ú

F
a

II
ID

II
A

D
O

I
T

U
IN

O
II
A

T
U

A
T

D
A

T
O

D
IA

D
Z

A
Z

O
N

D
O

O
U

"
N

O
N

AN
ON

AR
AN

A
A

A
IN

IR
IEA

EN
IR

AA
A

AA
AA

A
AN

AN
A

AR
AA

A
e) P

R
P

t
a

o
s
»

+

I
T

U
T

IU
U

T
A

T
O

V
O

IS
T

O

Ú
|

O
A

S
C

N
U

V
O

V
R

A
R

BR
A

R
O

W
O

O
O

N O
M

(o,
—,
(0,
(1,
(1,

(O,
—(1,
(1,
+ (0,
(0,
Po,
(0,
(0,
+ (O,
(0,

(1,
(1,
(o,
(0,
—(2,
—C,

+ (O,
(0,
o,

(o,
—(1,
—(1,
—(1,'
—e,
+ (0,
—(2,
(1,
(o,

(3,
—(2,
(o,

|
|

|
U

P
A

N
N

Q
O

R
E

O
U

U
L

S
C

U
O

N
V

E
[
S

O
O

V
A

U
N

O
N

O
O

V
R

O
U

N
N

R
V

O
N

G
L

A
M

O
N

Q
U

O
O

U
R

F
I
N

R
R

O
G

O
N

N
U

B
L
R

O
S

P
L

o
Q

UA
L

EL
NO

GL
RQ

E
O

LO
N

U
N

+
F

L
+

+
+

+
+

+
+

+

202.067 46

202.09565

202.116 44

202.140 37

202.140 37

202.146 89

202.151 97

202.151 97

202.276 46

202.276 46

202.303 94
202.320 72

202.323 59

202.355 96

202.355 96

202.37262

202.41412

202.416 42

202.472 40

202.476 99

202.491 43

202.570 68

202.57226

202.604 44

202.60709
202.609 43

202.63673

202.684 45
202.79168

202.85131
202.856 36

202.87277T

202.88477

202.905 63

202.92229

202.938 29
202.963 52
202.97601

202.97601

202.99623

202.999 33

203.044 23

203.062 76

203.091 52

203.13223

203.147 72

203.155 19

203.163 79
203.225 89

203.279 28

203.359 08

203.359 08

203.369 22

203.392 49

203.441 88

203.447 13

203.447 13

203.473 53

203.480 44

203.486 00

203.501 92
203.542 07

203.578 88

203.578 88

203.59271

203.59271

203.637 23

203.666 56
203.689 34

203.694 83

203.747 86

203.754 42

203.758 43

203.770 38

203.794 21»
>

E
m

th
tH

tb
I>

s
>

>
m

N
b

H
t>

>
>

s
>

s
E

>
F

W
H

NS
L

I
HE

H
>

W
H

L
D

IN
M

H
N

H
D

D
O

V
h

b
H

H
N

O
N

D
O

D
>

>
1

6
>

S
N

O
S

8
N

H
N

D
e

D
O

D
L

L
S

S
L

Z
O

S
A

a
q

b
h

18 19



upper state
; I)” e (n,T (n, K

lower state
K

Index upper state
T (n, K ; 3)” (n K

lower state

JIJ)”

8252

8253

8254

8255

8256

8257

8258

8259

8260

8261

8262

8263

8264

8265

8266

8267

8268

8269

8270

E
E

a
ua

a
as

a
a

a
A

e
o

ro
do

aro
de

o
o

x

8271

8272

8273

8274

8275

8276
8277

8278

8279

8280

o
do

A
4

x

8281
* 8282

8283
8284

8285

8286

8287

8288
8289

8290

8291

8292

8293

8294

8295
8296

8297

8298

8299

8300

8301

8302

8303

8304

8305

8306

8307

8308
8309

8310

8311
8312

8313

* 8314
8315

8316

8317

8318
8319

8320

8321

8322

8323

8324

8325

M
ÁQ

U
E

N
H

H
EN
H

P
D

|

[
S

N
C

a
an

a
a
e

e
e

es
a

a
es

a
a

a
re

a
a

a
a

a
r
a
a

a
a

a
ra
A

Lan
d

N
O

e
N

D
A

e
s

mo
e

B
rr

ee
qp

rq
eg

N
vN

re
N

>o
NU

|E
éN

M
m

m
Am

AN
A
A

A
A

[P
E

C
S

O
S

O
S

T
S

O
S

S
O

:
m

m
m

m

m
a

pd
a

e
DP |

O
C

O
O

R
O

R
L

R
O

O
O

W
N

W
N

O
N

U
N

O
N

Y
O

N
V

N
O

O
O

U
U

O
O

F
P

O
O

O
N

O

D
ID

O
IZ

O
T

O
O

IG
A

H
O

O
O

T
T

IO
D

O
D

O
D

D
H

O
D

O
D

D
O

D
IO

A
T

O
N

V
O

O
T

U
IO

T
II
A

N
N

T
V

ID
O

O
D

O
D

IV
U

O
D

D
V

O
W

N
O

U
T

II
V

U
A

N
D

O
re

)
O m

a

P
E

rP
r

Qa,
P (1,

R (2,
Qa,
R (2,
Q(,
Q(1,

m
Â

P
É

rL
[L

P
N

U
U

S
N

A
H

E
[B

O
N

O
UU

DR
[E

ÉÁ
W

O
U

W
V

E
O

S
B

E
B

rE
L
O

N
N

N
N

| ­

U

[N
S

U
N

S
e

O
O|O

mr
U

m
Q

|[
A

h
[N

S
O

O
o

h
R

r
r

P
p

; 4) SP
; 28) SR

4) GR
4) GR

. 11) GR
;13) SR
+ 30) GR
;15) SR

4) SR
; 229) SR
; 30) SR
. 11) GR
;11) SR
; 31) GR
;19) SR
; 19) GR
; 11) SR
; 33) SR
; 21) GR

(0,
(1,
po,
— o,
—(1,
+ (0,
(Q,
(0,
O,
+ (0,

a,
po,
—(0o,
Po,
—(0,
(o,
(1,
(a,
Po,
—(1,

O
N

N
N

N
E

A
O

W
O

O
N

N
U

L
A

U
N

A
[N

S
PR

Oom
NM

o Lx
)

+
+

203.79421

203.895 42

203.953 34

203.953 34

203.970 72
203.990 49

203.996 63

204.013 08
204.05277

204.093 88

204.11295

204.11594

204.11993

204.280 60

204.291 03

204.293 19
204.328 20
204.358 51

204.398 53

204.411 82

204.414 15

204.437 16

204.474 58
204.513 56

204.533 49

204.560 09
204.560 09

204.577 97

204.577 97

204.597 25

204.600 47
204.600 47

204.648 74

204.664 40
204.673 03

204.688 73

204.71083

204.724 48

204.75299

204.778 20

204.78267

204.795 69

204.803 20

204.805 85

204.806 90

204.81203

204.817 87

204.817 87

204.833 45

204.836 22

204.838 78

204.852 99

204.86326

204.865 68

204.870 48

204.87542

204.89971

204.91141
204.91228
204.913 92

204.918 25
204.920 97

204.92503

204.941 06

204.950 42
204.968 48

204.970 51

204.974 97

204.998 13

204.998 13

205.010 12

205.01915

205.026 16

205.037 54

205.040 35m
m

>
b>

)
r
o

b
bL

Dc
m

tE
HH

N
E

>
S

N
G

Â
N

L
D

N
E

O
O

H
D

U
N

>
D

O
0
R

N
H

>
E

L
O

M
ÂE

UL
OE

S
G

h
n
L
2
D

2
>

S
0
>

b
0
H

O
H

o
m

IL
S

>
O

m
Ç

H
E

E
E

S
>

S
O

L
O

D
L
S

Z O
A 8326

8327

8328

8329

8330

8331

8332

8333

8334

8335

8336

8337

8338

8339

8340

*
A

A
A

ME
AR

E
3

ro
do

do
do

o

8341
8342

8343

8344

8345

8346

8347

8348

8349

8350

8351

8352
8353

8354

8355

8356

8357

8358
8359

8360

8361
8362

8363

8364

8365

8366

8367

8368

8369

8370

8371
8372

8373

8374

8375

8376

8377

8378

8379

8380

8381
8382
8383

8384

8385

8386

8387

8388

8389

8390

M
E

de
de

de
aro

dé
do

a
x

M
E

A
do

do
ao

4
4

x
EJ

O
ua

ua
ua

ua
ua

ua
ua

a
a

a
M$

dE
do

o
do

o
a

x
ER

2a
a

a
a

a
E

8391

8392

8393

8394

8395

8396

8397

8398

8399

8400E
E

E
de

o
ro

do
ao

x
x

cm1 6 7

R (3,
ga,
P (1,
Qu,
P (1,

Qa,
Q(,
Qua,
P (1,
R (1,
R (2,
Qua,
R (1,
P (1,
R (1,

R (1,
Qu,
Qu,

7
E

a
m

e
E

N
E

M
A

M
A

A
A

A
m

a
m

a
s

H
H

Q
Q

L
[E

N
H

P
N

—
—

[
P

S
m

m
m

A

m
s
m

P
S

m
e
n
o
s

[P
R

S
S

O
S

)
A

R
ER

A
E

A
E

mem
NO

e
e

NO
ON

e
O

t

­ ­

D
O

N
N

V
O

D
Â

Y
N

O
N

N
N

O
M

T
U

O
O

W
N

D
O

T
U

V
D

O
N

D
O

N
T

U
N

A
N

O
T

O
v
V

A

6) SR (2,
3) SR (O,
8) SR (O,
2) SR — (o,
2) SR (o,

(0,
(O,

(0,
(0,
—(2,
(0,
(o,
(O,
(O,

1
! N
O

V
W

O
O

+ (O,
—Pío,
(0,
—(0,
—(o,
(1,
(O,
— (0,
— (o,
(0,

(1,
(0,
po,
—(1,
(0,
O,
(0,

o,

Po,
(O,
(0,
(0,
(1,
(1,
(0,
— (0,
(0,
(0,

(2,
(o,
—(1,
e,
(o,
—(0o,
—(,
—(o,
—(o,
(o,

U
|

O
M

V
N

M
rq

E
rN

Q
L

E
N

U
N

P
R

E
O

P
S

Q
U

O
V

A
S

O
S

U
O

h
A

N
U

N
IE

IO
r
[N

[F
L
O

N
N U

U
O

Q
N

O
N

A
N

N
O

J
O

U
N

N
R

O
O

A
N

Á
O

U
O

O

1

—1l

4

—l

—­1

—l

—2

7

—­4

—­5

U
M

E
N

N
U

N
IP

P
R

N
O

U
V

O
N

U
N

LE
SS

O
N

r
E

O
N

1

5) GR
3) GR
9) SR
2) GR
3) GR

205.044 75

205.05263

205.056 37

205.064 56

205.067 57

205.072 40

205.124 59

205.13563

205.14761

205.167 17
205.17681

205.22387

205.23781
205.28472

205.294 17

205.294 17
205.327 18
205.338 79

205.360 23

205.368 99

205.371 60

205.462 04

205.469 82
205.484 48

205.495 04

205.531 38

205.559 68

205.559 68

205.566 24

205.568 51

205.61243

205.617 32

205.621 02

205.641 46

205.683 53

205.689 83

205.750 36

205.76875

205.781 56

205.805 50

205.858 66

205.879 08

205.96311
205.96387

205.965 53

205.970 18

205.97441

205.975 94

205.987 99

206.026 98

206.056 37

206.062 17

206.073 45

206.11113

206.11113

206.126 88
206.126 88
206.14121

206.14121
206.151 22

206.161 38
206.186 85

206.194 34

206.226 08

206.237 86

206.240 35

206.243 13

206.270 97
206.280 65

206.285 07

206.316 27

206.328 37

206.342 84
206.345 45

206.352 96

m
m

>
s
m

b
h

b
w

N
L

Z
N

E
H

G
b
b
H

>
D

2
0
M

M
D

>
q

U
6

L
R

A
IO

O
]O

H
H

E
M

O
»

>
E

N
H

tH
G

H
N

A
DU

NN
I2

LR
D

O
LD

O
C

H
N

O
Q

N
N

D
I

N
O

R
O

E
NH

Ee
Um

HE
O

G
s
m

12 13 14 15 16 17 18 19



upper state lower state b Sw­10º Int. upper state lower state õD Si .10º Int.
T(n, K ; JJ)” —= (n, K ; D)* fem"? fem”? /au. T(n, K ; JJ)" = (n) K ; JI)* fem"? fem”! /au.

QU,­3 ; 4) SR —(0,­2 ; 4) SR
R (1, 27;22) SR — (o, 3+;21) SR
QU o ;32) RR —(0,­1 ;32) SR
FP (1, 3*+;26) SR — (0, 27;27) SR
Qu, ; 3) SR (0,—2 ; 3) SOR
Qa, ; 32) SR — (0,­3 ;329) OR
P (1, ; 25) SR —(0,—­6 ;26) SR
R (1, ;15) SR (o, 9 ;14) SR
R (2, ; 12) SR — (2, ;11) SR
PQ, ; 10) SR —(1, ;11) SR
R (1, ; 21) SR — (O, ; 20) SR
P (1, ; 19) SR — (O, ; 20) SR
R (1, ; 29) SR —(O, ; 28) SR
P (1, ; 25) Sa po, ; 26) Ss
R (3, 7) —(2, ; 6)
Qa, ; 33) SR (O, ; 33) SR
P (1, 7) SR (O, ; 8) SR
Qa, ; 31) SR (O, ;31) SP
R (2, ; 28) SR (2, ; 27) SR
P (1, ; 20) SR — (o, ; 21) SR
R (1, —“o, ; SR

R (1, —(o, 17; 5) SR
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; 22) SR (O, ; 23) SR
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206.376 91 .6 4455 P1,­5 ;24) R—(0,­6 ;25) SR
206.376 91 4455 P (2­2 ; 9) SR (1, ; 10) SR

; 22) SR — (O, 121) SR
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206.436 44 1485
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206.531 36 .6 3069 R (1,
206.562 65 .2 6435 R (2,
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Index upper state
; ) “e (n, KT (n, K

lower state 65­10%º Int.
/em”"* /au.

upper state
T(n, K 5
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a

E
E

a
2

E
E
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S

A
ua

au
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e
Su
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E
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.
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E
a

a
ua

ua
a

ua
Sua

Su
as

Su
a

E
a

M
R

e
e

o
do

do
do

ao
x

*

Qua,
P (1,
R (3,
R (1,
R (3,
P (1,
Qua,
Qa,
Q (1,
R (1,

Q(,
Qa,
Q (1
P (1,
P (2,
Qu,
Qua,
R (1,
R (2,
R (3,

Q(,
R OQ,
Q (1,
Qua,
R (1,
P (1,
P (1,

ES
m

m
m

A

mr
Hn

H4
po

me
o

=

NM

3

—2

1

2

1

8

4

3

3

8

3

3

4

1

o

3

3

1

4

1

4

5

3
3

2
—=7

3

3

3

1

4

—­6

3

3

—­4

8

1

6
3

4

3

2

1

6

9

4

3

—­3

2
—­3

o

3

3

4

—l

3

2

o

4

3

—1

3

3

5

o

4

3

­2

3

E)

—2
4

3

—4

—­l

; 25) SR (O,

+. 13) GR
; 14) GR
; 13) GR
;13) SR
; 22) GR
; 24) GR
; 24) SP
; 23) GR
; 23) SR
; 23) SR
;2n) SR

—,
— (o,
(2,
—(o,
+ (o,
o,
(0,
+ (0,

+ (0,
(0,
(o,
(o,
(1,
—(o,
(O,
(o,
e,
—(,

— (0,
—(2,
(o,
(o,
(0,
(O,
(o,
(o,
+ (o,
Po,

o,
(1,
(O,
o,
(0,
—(1,
o,
— (0,
(0,
— (o,

— (0,
(0,

4 7; 25) SR
; 19) SR (0,1

A
O

S
A

P
O

A
R

U
rF

A
D

R
D

A
N

D
N

D
R

O
r
O

Q
A

O
U

N
A

S
R

E
N

e
D

S
D

A
U

O
N

U
E

N
IA

C
A

N
O

VA
UA

RA
NV

UH
U

N
A

a
A

R
N

O
N

U
N

V
A

D
R

D
B

R
A

R
Y

O
U

N
S

B
A

R
L

O
U

V
A

R
O

b
h
b
h
b
o

J
N

H
IM

U
M

!
[
N

o

+
tI

+
+

+
+

1

20) SR
; 12) GR
;13) SR
;12) SR
; 14) SR
; 22) SR
; 24) SR
; 24) SR

m
>

rq
M

B
S

N
S

E
D

E
E

ND
SD

SN
bID

ZD
AD

Q
N

>D
56

LD
20

>»
>

s
c

N
D

IO
R

A
O

O
O

D
L
L
D

D
L
D

0
2
h
L
D

D
>

D
O

G
o

b
D

>D
0>

L0
hD

>
D

>
2
3
0
0
2
>

>
D

O
L 217.991 92

218.01281

218.02263

218.02263

218.02409
218.056 38

218.056 38

218.09313

218.10379

218.15971

218.20262

218.21049
218.23013

218.24631
218.250 14

218.306 32

218.31187

218.315 84
218.334 67

218.35250

218.38931

218.391 42

218.404 09
218.408 28
218.42283

218.45502

218.48901

218.496 53
218.499 18

218.505 08

218.535 02

218.548 34

218.583 40
218.58548
218.597 46

218.64283

218.657 04

218.661 64
218.665 60

218.667 83

218.74224

218.74541
218.74541
218.753 67

218.777 46

218.78885

218.81376

218.823 56

218.83643
218.839 56

218.851 48

218.880 60

218.889 97

218.898 57

218.92072

218.94269

218.975 58

218.991 21

218.997 85

219.000 37

219.01311

219.01945

219.053 46

219.06270
219.07938

219.087 45

219.10218

219.13433

219.146 43

219.14978

219.16093

219.16833
219.18678

219.21384

219.213 84

1.2 1485

—1.1 2475

0.8 7524

0.3 7524

—O0.9 4638

1.5 6336

—O0.1 6336

0.9 1980

—1.1 1980

1.3 1287

—O0.8 2178
2277

6138

5049

2079

2574

2574

6039

6039

6237

6732

6435

2673
2673

2376

891

4653

3267

3465

6831

6435

891

3564
3564

2475

8316

6732

7623
4752

6831

5742

8910

8910
1089

1485

6831

6534

6237

3366

T524

7227

6336

4554

7128

2970

6930

3960

5445

7623

6336

3564

4356

6435

3861

5247

7524

6237

1683

6435

3960

3465

8712
6336

5742

5742

cm1 6 7
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+
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E
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de
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4
4

x
6

E
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o
a

E
E

a
ua

Su
a

E

8926 Q (1,
8927 R (2,
8928 Q (1,
8929 Q (1,
8930 P (1,

8931 Q (1,
8932 P (1,
8933 Q (1,
8934 Q (1,
8935 Q (1,
8936 R (1,
8937

8938
8939

8940

8941

8942

8943

8944

8945

8946

8947

8948

8949

8950

8951
8952

8953

8954

8955

8956

8957

8958

8959
8960

8961

8962

8963
8964

8965

8966

8967

8968
8969

8970

8971

8972
8973

8974
8975

8976

8977

8978

8979

8980

8981

8982

8983

8984

8985

8986

8987

8988

8989

8990

8991

8992

8993

8994

8995

8996

8997

8998

8999
9000
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8) SR (O,
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(o,
(o,
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— (0,
(0,
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o,
—(o,
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(o,

(o,
(o,
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A

N
U

W
U

P
N

F
P

O
N

P
O

P
A
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8) SR;

; 20) GR
;

;

; 12) GR
7) GR

; 18) GR

m
c
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D
L
D

L
D

O
0
L
O

R
S

D
L
O

N
D

O
O

E
O

N
O

N
O
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N
N
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O
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s 219.22286

219.22395

219.239 97

219.254 56

219.276 10

219.28270

219.28270

219.304 06

219.306 05

219.32570

219.354 49

219.361 02

219.39408
219.41114
219.45489

219.48215

219.49274
219.52504

219.55216

219.558 26

219.565 04

219.566 88
219.57488
219.580 37

219.59372

219.65695
219.67301

219.67301
219.75223

219.817 14

219.825 27

219.829 44

219.869 82

219.891 22

219.92428

220.026 36
220.064 38

220.090 03
220.116 08

220.124 30

220.15993

220.170 20
220.18247
220.278 50

220.288 69

220.327 73

220.360 24

220.365 36

220.407 69

220.418 96
220.42601

220.43742
220.48576

220.505 35

220.530 82

220.59873

220.622 24
220.624 96

220.649 40
220.664 43

220.670 92

220.703 82

220.70485

220.76976

220.829 67

220.886 00

220.887 62

220.898 54

220.982 44

221.021 53

221.10544

221.107 52

221.11297
221.13572
221.206 11
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23) SE — (O,
30) SR — (0,

,

1

23) SR
; 29) SR
;12) SR
;13) SP
; 22) SR
; 32) SR

1) GR
; 23) GR

3) GR
san) SR
;2n SR
; 22) SR
;13) SR
; 31) SR
; 22) SR
;16) SR
; 30) SR
; 19) GR
; 21) SR
; 211) GR
; 30) SR
;29) SR
;17) SR
; 17) GR
;28) SR

9) GR
;10) SR
; 21) SR
; 20) SR
; 17) SR
; 29) SR
;2n) SR
;16) SP

9) GR
; 26) SP
; 22) GR
; 16) GR
; 19) GR
; 19) SR
; 17) GR
; 10) GR
; 28) GR
; 25) GR
; 14) GR
; 10) GR
; 12) GR
; 24) GR

7) GR
;18) SR
; 23) SR

6) GR
; 27) GR
; 14) GR
; 22) GR
; 21) GR

H
m
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M
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D

SL
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s
m
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N
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E

D
O

O
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E
X

S
N
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D
E

L
E
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D
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MH

221.23988

221.253 22

221.28681
221.31358

221.345 06

221.36570

221.398 52

221.40295

221.41082

221.42772
221.45521

221.47779

221.54041

221.56799
221.62048
221.63245

221.69277
221.69465

221.69668

221.701 29

221.758 90

221.78226
221.79552

221.82401
221.871 04

221.88272

221.88943

221.89483

221.89692

221.937 13

221.938 24

221.95549

221.97245

222.000 33

222.035 94

222.06063

222.068 49

222.068 49
222.079 36
222.085 56

222.088 41

222.10629

222.11242

222.139 99

222.16465

222.18276

222.18480

222.24170

222.24473

222.253 27

222.263 30

222.263 30

222.267 66

222.317 98

222.379 00

222.384 49

222.393 90

222.40979

222.436 62

222.44221

222.44221

222.48913

222.490 43

222.49961

222.527 58

222.541 49

222.54573

222.54573

222.588 80

222.633 24

222.643 48
222.646 55
222.646 55
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222.674 30
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M
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I
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M
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|
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O
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O
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Y

O
O

V
N
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O

O
Y

O
O

o
O
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n

y
v
o

a
oO
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O

O
o

;16) SR
; 14) SP
; 13) GR
; 14) SP
; 12) SR
; 23) SR
; 24) SR
;15) SR
;11) SR
; 10) GR
;13) SR

9) GR
8) GR

; 22) SR
; 10) SP

7) GR
6) GR

; 12) SR
5) GR

; 25) GR
4) GR
3) GR

o,
(1,
(1,
(o,
(1,

(1,
(0,
+ (0,
(1,
(1,
(o,
(1,
—(1,
(1,
(o,

(1,
—(1,
(0,
(1,
—(,
(1,
(1,
—O,
(a,
—(,

O,
(o,
(1,
+ (0,
(0,
(0,
+ Po,
o,
(1,
(0,

Po,
po,
(1,
(o,
Po,
(1,
Fo,
(1,
(o,
(0,

Po,
—(1,
(0,
—(1,
(1,
+ (o,
(1,
oO,
(O,
O,

a,
O,
o,
(1,
o,
—(1,
—(1,
(1,
(1,

—(1,

—l

—l

—l

4

—l

—s5

1

2

—l

—l

4

; 17) GR
; 14) SR
113) SR
; 14) GR
;12) SR
; 23) SR
;25) SR
;14) SP
;11) SR
;10) SR
;13) SR

; 22) SR
;11) SR

; 12) SR

; 24) SR

; 18) SR

; 28) SR

;21) SR
;11) SR
; 21) SR
;14) SR
; 23) SR
; 10) GR
; 20) GR

; 17) GR

; 19) SR
; 27) GR

; 20) SF

;18) SP
;18) GR

; 17) GR
; 10) GR

;17) SP
;16) SR
; 10) GR
;15) SR
; 22) GR
;23) SR
; 28) GR
; 14) GR
; 27) SR
; 16) GR
; 26) GR

;25) GR
; 24) GR
;13) SR
;23) SR
; 22) SR
; 12) SR
; 21) SR

; 20) GR
;11) SR
;18) SR
;19) SR p
;19) SR e
;10) SR e
;18) SR E

9) GR
8) GR

7) GR
6) GR

5) GR

4) GR
3) GR

2) GR
1) GR

2) GR

9) GR

8) GR

7) GR

6) GR

5) GR

4) GR

9) GR

8) GR

E
m

b
GHN

HMH
M

G
o
G

H
IN

W
N

O
A

Z
A

E
N

C
N

N
NN

O
Q

O
IO

O
D

C
N

O
AL

RA
IN

NO
RO

DMb
IN

Q
S

N
E

N
D

R
N

o
b

b
H

N
H

H
N

O
M

C
N

N
H

IN
IA

H
O

E
G

B
o
b
E

U
H

M 222.67583

222.71272

222.748 07

222.75282

222.780 47

222.788 06

222.79425

222.805 33

222.81022

222.837 28

222.846 30

222.861 66

222.883 43

222.89525

222.900 37

222.90268

222.919 47
222.928 40

222.93399

222.93399

222.945 54

222.95503

222.961 94

222.961 94

222.966 62

222.98403

222.990 09

222.99373

223.000 10

223.025 77

223.04670

223.060 58

223.06218

223.08374

223.11584

223.14679

223.161 57

223.16594

223.178 90
223.200 28

223.216 17

223.23267
223.24071
223.25472
223.259 58

223.259 58

223.28061
223.28061

223.308 51

223.369 77
223.390 39

223.425 04

223.427 73

223.457 45

223.466 42

223.47454

223.47691

223.481 37

223.488 83

223.49537
223.501 64

223.51674

223.518 85

223.533 51

223.550 62

223.558 28

223.568 80

223.58013

223.58747
223.593 17

223.603 26

223.603 26

223.606 08

223.623 98

223.62531
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65­10º Int.
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Index upper state
T (n, ; ) e (n, K ,

lower state
J)º

Q (2, ­2 17) SR ea,
qe ; 9) SR,

(2, ;16) SE (1,
G, ; 8) SR (3,
GC, ; 8) SR (1,
CG, ; 15) SR — (1,
(1, 3 ;15) SR (O,
2, ; ER,
(2, ;14) SR (1,
(1, ; 17) SR (o,
(1, ; 12) SR (0,
GC, ; 6) SR,
GC, ;13) SR (1,
Q, ; 12) SR — (1,
e, 11) SR (1,
(4, ; 10) SR — (3,
(2, 110) SR (1,
(1, ; 9) SR eo,
2, ; SR,
GC, ; 8) SR (1,
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e, ; (1,
GC, ; —(1,
(1, ; (o,
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(1, ; —(0,
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" 17) GR
9) GR

; 16) SR
9) GR
8) GR

;15) SR

223.64474

223.650 86

223.66393

223.670 16

223.67431

223.68263

223.688 43

223.694 43

223.701 27

223.706 52

223.707 14

223.71143

223.71893

223.73613

223.75228

223.765 60

223.767 85

223.774 12

223.78207

223.79516

223.807 04

223.817 56

223.826 94

223.832 42

223.834 02

223.853 44

223.90379

223.994 25

224.05294

224.091 66

224.111 56

224.17953

224.18197

224.200 92

224.246 60

224.292 58

224.29461
224.376 44

224.454 27

224.463 34

224.49385

224.50403

224.51085

224.53317

224.544 46

224.659 38

224.699 46

224.705 14

224.734 34
224.73434

224.839 46

224.85921
224.887 30

224.958 60

225.096 45

225.13211

225.13211

225.136 60

225.15377

225.15855

225.250 20

225.25185

225.258 05

225.26091

225.26422

225.27392

225.278 98

225.286 98

225.293 76

225.297 50

225.301 28
225.301 28

225.330 69

225.332 34

225.340 59»
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9278
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—(,
(o,
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+ (o,
—G,
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;10) SR
; 20) SR
; 30) SR
; 19) GR
; 31) SR
; 18) GR
; 17) GR
­ 32) GR
; 12) SR
; 16) GR
­ 30) GR
; 16) GR

7) GR
115) SR
;14) SR

8) GR
8) GR

; 13) GR
;a7) SR
. 17) GR
; 14) SR
; 12) SR
; 16) GR
;19) SF
;11) SR
;15) SP
;27) SR
;10) SR

3) GR
9) GR

; 29) GR
; 25) GR

8) GR
; 26) GR

7) GR
; 20) GR

6) GR
; 16) SR
; 30) SR

5) GR
4) GR
1) GR
3) GR

; 23) GR
2) GR
1) GR

; 20) GR
; 19) GR
. 27) GR
; 25) GR
; 22) GR
;28) SR
; 19) SR
;12) SR

8) GR
; 24) GR
; 27) SR
; 19) SR

7) GR
6) GR

; 14) SR
; 13) GR
; 10) SR

7) GR
;14) SR

225.347 10

225.365 95

225.37910
225.406 32

225.438 06

225.450 88

225.498 89

225.509 88

225.53379

225.549 40

225.553 07

225.577 54

225.599 22

225.601 59

225.65471

225.65965

225.69285
225.707 87

225.71314

225.71585

225.72295

225.760 49

225.775 68

225.79335
225.81178

225.823 80

225.85519
225.861 18

225.87219

225.907 95
225.931 69

225.95011
225.951 54

225.990 16

225.991 77

226.02341

226.027 86

226.033 32
226.035 53
226.059 60

226.086 53

226.103 27

226.108 60

226.11508

226.124 89

226.136 00

226.14679
226.16960

226.18575

226.206 70

226.24973

226.289 59

226.366 99

226.371 92

226.438 32

226.487 36

226.626 92

226.667 34

226.693 68

226.73538

226.77701
226.798 13

226.821 56

226.82873

226.900 65

226.92691

226.94372

226.968 98

226.989 34

227.041 09

227.06220

227.15751
227.177 43

227.199 47

227.240 18>
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upper state lower state
­ upper state lower state

T(n,K ; JJ)“(n, K ; 1)” T(n,K ; JN)”= (n K ; J)”q

18) SR
18) SR

;17) SR
7) GR
7) GR

;17) SR
;13) SR
;26) SR
; 14) SP

4) GR

R (3, 1*;19) SR (2,
R (3, 17;19) SR — (2,
R (1, 17*7;18) SR (o,
P(1,­4 ; 6) SR —o,
P(1, 4 ; 6)S9R—(O,
R (1, 27;18) SR —(O,
P (1, ; 12) SR — (O,

— (0,
— (0,
(0,

227.244 52
. QU ­

227.247 27
: R Q,

227.254 77
. R (1,

227.26303 Qu,
227.29215 R (1,

sos P (1,
227.400 50 Qu
227.406 55

R(,
227.424 47 Qu

Q(,
R (2,
ga,
Qa,
P (1,

Qa,
R (3,
PECA
P (2,
Qa,
ga,
R (1,
P (3,
R (1,
PG,

P (1,
Qa,
P (4,
P (1,

; 31) SR — (O,
; 25) SR (1,

2) SR (O,
. GR; 14) SR —(0,
;15) SR (o,
; 13) SR — (o,
; 20) SR — (o,
; 12) SR —(O,
; 23) SR — (O,
111) SR (O,
; 30) SR — (0,
;27) SR e (Q,
. 10) GR —(0o,

9) SR — (o,
—(0o,

;31) SR
; 24) SR

+. pn GR
;14) SP
; 14) SR
;13) SR
; 21) SR
;12) SR
; 22) SR
;11) SR
; 30) SR
;26) SR
; 10) SR
; o) GR
;17) SR

8) GR
; 21) GR

7) GR
; 25) GR

6) GR
; 29) GR
; 12) GR

4) GR
; 15) GR

5) GR

229.240 83

229.270 29
229.283 44
229,28519

229.297 87
|

*
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+

229.379 30

229.435 53

229.46223

229.502 24
229.534 74

229.536 80
229.538 89
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229.652 32
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; 24) GR
; 21) GR
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; 26) SR
; 21) SR

2) GR

227.48511

227.509 17

227.51162
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227.550 36
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o) GR

;23) SR
; 23) GR
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;13) SP
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; 22) SR
; 25) GR
7?) GR
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; 20) SR
; 21) GR
; 34) SR
; 21) GR

5) GR
; 11) GR
;14) SR

6) GR
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; 13) GR
; 20) GR

8) GR
; 13) GR
; 15) GR
; 33) GR
; 19) GR
. 21) GR

5) GR
; 18) GR
; 19) GR
; 18) GR
; 19) GR
; 10) GR
; 27) GR

6) GR
6) GR

; 27) GR
; 17) GR
; 32) SR
. 12) GR
; 24) SR

5) GR
;18) SP
. 13) GR
. 22) GR

228.415 62

228.428 05

228.50517
228.508 77

228.592 64

228.59479

228.61021

228.71039
228.727 77

228.730 25

228.77333

228.77581

228.776 58

228.776 58

228.85370

228.86265

228.888 91

228.896 93

228.924 68

228.92693

228.94290
228.969 44

228.971 84

228.97951

228.99373

229.004 09

229.037 95

229.058 82
229.058 82

229.07501

m
—

—
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E

S

”
)

t | 230.550 67
230.558 47

230.584 39
230.596 49
230.596 49

230.694 22

230.71761
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o
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N
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L
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O
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[V
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O

N
O

230.786 44
230.814 56

230.817 02

230.850 10

230.85249

230.96281

231.061 30
231.093 30

231.13131
231.147 17
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2
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2
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|

P
R
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N
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E
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o

U o
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O

N
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A

G
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231.344 44

231.35340
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a
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a
a

a
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H

H
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b
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A
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b
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2
2
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e
s
q

b
b
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>
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2
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»
G

o
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229.077 77

229.16233 231.358 O8
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.
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.

; ; 231.369 29
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T (n, K
upper state lower state

JJ”e (n, K ; J)* [o /em
Index upper state

T (n, K
,

lower state

JIJ) e (n, K 3 IJ)

(1,
(1,
(1,
(1,
(a,
(1,
(a,
(1,
(a,
(1,

e,
(a,
(2,
(1,
G,
(1,
(1,
(1,
(1,
(a,

(1,
(4,
a,
(1,
(1,
(1,
a,
(1,
(1,
(1,

(1,
ga,
R (1,
R (3,
P (1,

(3,
(a,
a,
a,
(1,

a,
(1,
(1,
a,
(1,

E
Sua

ua
au

ua
ua

au
Su

sE
E

À
M

E
de

do
o

o
EA

a
aa

ua
a

a
ua

a
a

2
T

O
T

O
D

O
T

IT
V

O
D

O
D

O
O

T
O

IO
T

Y
U

D
O

O
O

Y

*
P

C
S
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IT

O
O

N
D

O
O

N
T

A

ME
E

3
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E

NS
a
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Sua
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4

4
A

A
A

U

5

5

5

5

5

o

5

7

5

5

5

5

6

5

1

5

5

5

7

5

5

1

1

3

5

5

5

3

7

9

1

5

3

1

9

1

o

5
7

1

2

5

7

2

4

4

5

7

5

1

+
+

— (0,
+ (0,
(0,
— (0,
(o,

; 16) GR
; 15) SR
; 23) GR
; 14) GR
; 24) GR
; 16) GR
; 13) GR
; 21) GR
; 12) GR
; 25) GR
; 24) SR
;11) SR

P
O

R
R

A R
A

+
+

O
R

L
R

S
;O

P
R

O
S

G
N

V
U

A
O

a
R

P
E
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O

R
L
R

P
N

O
N

A
D
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R

M
N
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A

N
A

A
A

N
M

U
D

O
N

A
R

A
O

L
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BO

R
G

U
R

A
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há
à

d
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1
4
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m
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E
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>

S
I

E
N
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D

E
S

L
S

D
2
O
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O
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E
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q
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N
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O
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W
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N
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N
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S
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M
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N
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N
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O
2
A

G
o

N
D

O
C

O
Â

Q
O

N
D

O 231.386 04
231.408 37

231.41342

231.434 36

231.450 52
231.461 23

231.46359

231.47563

231.49498

231.497 22

231.52389

231.527 90

231.527 90
231.553 40
231.55433

231.561 14

231.594 14

231.61898

231.62097

231.626 02

231.65631

231.657 16

231.671 45

231.675 59

231.684 02

231.69441

231.70875

231.72427

231.754 49

231.76864

231.769 80

231.778 47
231.81553

231.82389

231.828 15

231.82815

231.82815
231.87289

231.87701
231.880 22

231.92411

231.976 04

231.988 89

231.99891

232.050 13
232.076 57

232.087 14

232.091 04

232.11101

232.11617

232.153 04

232.15651

232.177 66

232.18381

232.200 56

232.207 78

232.207 78

232.267 83

232.277 14

232.335 90

232.34225

232.343 55

232.411 94

232.41441

232.465 26

232.47289

232.51470

232.51887

232.527 21

232.57532

232.58171

232.586 55

232.617 43

232.65395

232.67871

9526

9527

9528

9529

9530M
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o

9531

9532
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P (1,
R (3,
R (2,
R (1,

R (1,
P (1,
R (1,
R (1,
P (3,
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R (1,
R (1,
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R (1,

P (2,
P (1,
R (1,
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P (1,
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;21) GR
; 18) GR
. 24) GR
; 31) SR
115) SR
. 12) GR
; 14) SP
; 18) SR

(0,
+ (0,
—(2,
(1,
Po,

(0,
(o,
+(0,
(0,
(3,
—(1,
+ (O,
(0,
(3,
(0,

(1,
(O,
(0,
— (o,
—e,
—2,
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L
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H
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R
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N

V
U

N
A

R
A

O
O

H
N

; 22) SR
;19) SR
; 23) SR
; 30) SR
;14) SR
; 11) GR
; 15) SR
;17) SR
; 25) SR

3) GR
5) GR

; 21) GR
; 25) SR

5) GR
; 30) SR
; 23) SR
; 10) GR
;21) SR
; 10) SR
122) SR
; 22) SP

8) GR
; 27) GR
;12) SP
;17) SR

8) GR
; 31) SR

7) GR
; 35) SR
. 25) GR
; 24) SR

9) GR
. 10) GR
; 27) GR
; 30) SR

4) GR
; 24) SR
; 29) SR
; 29) SR
; 10) SR
;10) SR
; 22) SR
; 29) SR

>
»
s
E

b
L
L
D

D
O

M
W

E
E

L
S

E
M

B
IR

O
D

>
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E
L
N
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D

L
R

D
L
D

O
O

E
E

D
D

>
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D

0
L
S

5
0
D

L
O

0
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D
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>
0
0
0
8
6
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O
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N
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L
b

E
b
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D

L
D

L
D

D
D

D
D

D
o

S
O

O
A
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S
G

E
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N
O 232.71019

232.748 44

232.76572

232.823 64

232.837 83

232.976 14

232.976 14

233.027 08

233.122 80

233.126 62

233.13259

233.137 73

233.22928

233.23173
233.23173

233.27369

233.297 23

233.31161

233.331 07

233.34528

233.349 48

233.353 21
233.42293

233.438 97

233.548 32

233.58115

233.59237

233.602 49

233.623 97

233.63278

233.70626

233.76001
233.77258

233.77514

233.839 43

233.886 43

233.895 80

233.976 29

233.98341

234.07979

234.090 65

234.099 66

234.10238

234.114 58

234.114 58

234.21990

234.28390

234.302 42
234.304 08

234.315 04
234.32338

234.331 85

234.367 97

234.400 50

234.498 57

234.51421

234.53496
234.54240

234.577 29

234.600 39

234.601 41

234.61453

234.623 42

234.640 26
234.68561

234.697 18

234.697 18

234.70971
234.72583

234.729 49

234.80373

234.839 70
234.864 30
234.864 30

234.868 71
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upper state lower state
. upper state lower state

T(n,K ; 3)"(n, K ; JJ)” ­

. T(n,K ; JJ)”(n, K ;

; 10) SR (o, ; 9 SR
; 25) SR — (0, ; 25) SR
. 25) GR —(0, . 25) GR

8) SR (O, ; 9) SR
; 19) SR ço, ;18) SR

8) SR (O, ; 9) SR
; 21) SR (1, ; 22) SR
; 10) SR (o, ;11) SR
; 24) SR (o, ; 24) SR
; 24) SR (O, ; 24) SR
; 25) SR (O, ; 26) SR
; 29) SR (O, ; 29) SR
; 10) SR — (0, ; 9) SR
;33) SR (2, 3 ;329) SR
; 37) SR e (2, ; 36) SR
; 27) SR ; 26) SR

5) GR ; 6) GR
; 26) SR ; 25) SR
; 23) GR ; 23) GR
; 23) SR ;23) SR
; 31) SR — (: ; 31) SR
; 29) GR ; 28) GR
; 30) SR — (: ; 30) SR
; 28) GR ; 28) GR

7) GR ; 8) GR
8) GR ; o) GR

; 22) GR ; 22) GR
; 22) GR ; 22) GR
; 29) SR e (: ; 29) SR
; 28) SR ; 28) SR

8) GR ; 7) GR
; 27) GR ; 27) GR
;21) SR ;21) SR
; 21) GR ; 21) GR
; 26) SR ; 26) SR

6) GR ; 5) GR
; 27) SR ; 27) SR
; 31) SR ; 30) SR
; 25) SR ;25) SR
; 24) GR ; 24) GR
; 20) SR ; 20) SR
; 20) SR ;20) S&

; 23) SR
8) GR ; o) GR

. 8) GR ; o) GR
; 22) SR ; 22) SR
. 21) GR . 21) GR
" 19) GR . 19) GR
;19) SR ; 19) GR
. 8) GR . 7) GR

234.886 44

234.89323

234.904 76

234.91365

234.91916

234.936 20

235.00861

235.046 36

235.063 70

235.07214

8) SR (3,
7) GR —(3,

3,
(0,
—(3,
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(1,
(1,
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(1,
(a,
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Qua,
Q(,
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R (1,
Qa,
R (2,

P (1, ; (o,
R (1, ; —Pío,
Qua, ; + (o,
Qua, ; + (0,
P (1, ; (o,
PECA ; o,
P (4, ; 2) —(3,
R (3, ; (2,
R (3, ; (2,
Qa, ; Po,

R (1, ; (O,
P (1, ; (o,
Qu, ; — (o,
Q(a, ; — (0,
Qu, ; o,
P (1, 37) Po,
P (1, ; + (o,
Q(, ; (0,
Qa, ;
ga,

R (1,
Qa,
Qua,
R (3,
R (1,
P (2,
P (1,
P (1,

236.098 41

236.11262

236.12505

236.13298

236.135 804
4

A
A

+

(O,
(0,
—(3,
—(3,
—(s,
(o,
(o,
(o,
(o,
(1,

236.140 34

236.144 57

236.144 57

236.15165

236.15695

236.161 36

236.16535

236.18281

236.217 63

236.235 52

ES
a

a
ua

au
a

ua
a

235.077 17

235.088 52

235.10565

235.10565

235.134 12

235.146 29

235.201 98

235.21205

235.22245

235.228 46
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O
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236.263 24

236.288 33

236.318 05

236.349 12

236.352 49

236.374 45

236.380 56

236.38513

236.41061
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o
o
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do
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do

o
à

235.267 O8

235.269 45

235.32474
235.32474

235.361 25

235.368 13

235.370 08

235.374 28

235.378 81

235.431 83

do
de
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do
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de

dé
dé

+
x

236.41518

236.431 43

236.462 84

236.47918

236.509 50

236.52501

236.539 37

236.550 86

236.587 02

236.618 27

236.623 14

236.628 07

236.64474

236.657 45
236.717 55

236.729 34

236.731 05
236.731 02

236.759 86
236.765 09

EJ
S

a
Sus

uu
2

NE

235.446 30

235.482 87

235.50691

235.509 90

235.531 92

235.536 02

235.548 87

235.578 84
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235.624 55
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e
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x

235.63375

235.635 84

235.66805
235.68295 R (2,
235.685 30 Qu,235.70938
235.750 08
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P (1,
235.750 08 QG,
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235.754 68 Qa,
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P (1,
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E
a
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a
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ua
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a

SE

236.797 52
236.886 76

236.890 70
236.915 07

236.931 39
236.947 44
236.950 24

236.95971

236.963 99

236.972 00

N
O

S
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P
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A
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O
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48
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A

N
A

R
U
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.*

235.760 07

235.762 40
235.776 93

235.787 10

235.800 38 Qu
235.800 38

235.823 03 R Q,
235.853 77

:
* qa,

235.857 17

235.889 50

. 26) GR ; 26) GR

. 20) GR . 21) GR
« 26) GR ; 25) GR
. 20) GR . 20) GR
. 26) GR ; 25) GR
;17) SR ; 16) SR
. 19) GR ; 19) GR
;18) SR ; 18) SR
;18) GR ;18) SR
jan) SR jan GR
; 16) SR ;16) SR
. 15) GR ; 15) GR
;25) GR ; 25) SR
;17) SR ;17) SR
;14) SR ;14) GR
; 13) SP ; 13) SR
;28) SR ; an GR
;14) SR ;13) GR
;12) SR 12) SR
;11) SR ;11) SR
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E
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3
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M
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N

M
N

N
O

N
N
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N
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U
N
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U
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A
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N

M
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U
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L
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E

U
R

A
O

(
O
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&
L

U
U

A
M

* 236.994 34

236.997 08

237.00501
237.00501
237.02616
237.058 92

237.062 57

237.09366

237.095 50

237.108 50

4
E

o
3

do
3H

da
4

4
x

235.919 97

235.948 60

235.958 64

235.965 68

235.97541
236.000 41

236.01174

236.016 30

236.02366

236.04501

M
d

dr
do

do

237.11659

237.13533

237.168 60

237.17876
237.20193

237.218 62

237.22533

237.266 54

237.266 54

237.26924

E
aa

a
a

a
ua

aa
a

e

m
E

m
M

M
N

5
L

S
E

Â
N

H
N

O
E

R
O

D
H

M
E

E
N

Â
N

Q
H

IU
O

N
D

"E
O

E
L

S
E

hL
EL

RO
HS

D
L
D

D
D

D
L
D

O
R

O
D

S
D

D
L

D
E

L
W

W
S

H
N

n
O

N
S

O
O

N
O

O
S

a
b
q

q
b

236.049 00

236.05613

236.064 31
236.064 31

236.08239

16) SR ;17) SR
16) SR ; 16) SR

. 23) GR
10) SR ; 10) SR
9) GR ; 9) GR

+

m
W

Ç
>

S
>

H
F

o
Lm

E
O

N
H

S
A

m
N

H
S

O
E

O
E

b
L
O

E
G

S
E

N
IA

D
O

s
S

L
D

0
E

D
D

O
0
O

D
A

»
O

Q
u
o

O
L
S

E
L
S

2
D

0
N

C
H

N
n

R
L

D
0

0
N

S
N

O
S

O
D

>
E

N
E

N
O

L
O

0
0

O
O

D
>

L
D

D
D

O
D

D
D

>

4
E

de
de

do
do

4
a

é
x

A

cm 1 2 3 4 5 6 7 :unesp 12 13 14 15 16 17 18 19



Index upper state
KT (n,

lower state

; IN)” = (n, K JIJ)”
Index upper state

T (n, K JJ)“ e (n, K
lower state

; 3)”

*

EN
a

us
ue

us
e

SE
ES

EN
SA

Sua
ua

Sua
us

uu
Au

NE
EC

N
ES

e
E

SE
*

a
EJ

S
a

ua
ua

aus
aus

Nu
Nu

EJ
OSS

Ju
Ju

us
ua

ua
Nu

Nu
a

ES
a

2
ua

ua
a

as
us

ua
EC

S
as

us
au

au
Ju

au
aa

NE

9751

9752

9753

9754

9755

9756

9757

9758

9759

9760

9761

9762

9763

9764

9765

9766

9767

9768

9769

9770

9771

9772

9773

9774

9775

9776

9777

9778

9779

9780

9781

9782

9783

9784

9785

9786

9787

9788

9789

9790

9791

9792

9793

9794

9795

9796

9797

9798

9799

9800

9801

9802

9803

9804

9805

9806

9807

9808

9809

9810

9811

9812

9813

9814

9815

9816

9817

9818

9819

9820

9821
9822
9823

9824

9825

Q (1,4
R (1,
ga,
2qG,
RG,
Qa,
QgG,
Qa,

O P
s

r
r

P
P

r
r
b
í
r
r
r
o

rr
H

Q
S

N
QU

E
E

S
mr

Q)
ms

e
3

9
e

e
o

O
R

A
R

OA
MA

ON
AN

OA
EA

AA
IA

EN
CA

RA
A

A
AA

AA
AA

AA
A

AA
A

A
R

H
H

[P
ST

E
O

T
S

S
S

R
E

O
S

T
A

O
r
P

P
P

S PS
8
O

O
m

e
N

OM
S

O
O

me
PE

R
SO

EA
<=

D
O

D
O

D
O

D
O

D
O

D
O

D
O

IO
D

J
O

N
T

O
D

O
D

O
D

O
D

O
IO

ID
O

D
O

O
V

Y
T

O
O

D
O

D
O

D
O

N
D

O
D

O
N

O
Z

N
D

O
D

O
N

T
N

H
O

D
O

D
D

O
D

O
V

IO
D

O
P

O
S

D
E

O
P

R
E

D
R

P
O

D
E

R
S

D
C

R
O

T
C

O
C

O
O

0
C

T
O

T
C

O
V

T
I
C

I
T

O
O

D
S

T
D

I
D

O

l
p

pu
pa

po
p

u
pu

pl
pl

pe
pl

pr
e

pd
a

a
A)

o
pl

R
E

A
R

A
h

A
R

E
A

h
h

a
o

s

3

6

1

o

4

; 26) SR
; 9) Sê
;15) SR
;23) SR
; 27) SR
; 25) SR

+ (O,

—(3,
(2,
+(O,
(3,

(O,
— (0,

—(3,
— (0,
(0,
— (o,
— (3,
(3,
— (0,
+ (O,
(3,

+— (o,

o,
(0,
—43,
(0,
—3,
(0,
(o,
— (0,
—(3,

(0,
(0,
— (0,
—(s,
(0,
(3,
(O,
(0,
(3,
— (0,

(3,
o,
ss,
—(3,
—3,
— (0,
(3,

(0,

|
W

O
v
V

v
O

N
N

O
V

S
V

S
Y

D
O

W
Y

J
Y

J
0

O
0

O
rE

eO
Y

V
O

U
|r
O

y
t

|
N

A
S

V
O

O
O

O
O

O
V

A
O

H
O

O
O

V
O

H
O

V
Y

V
O

V
J
V

O
N V
U

O
O

V
N
O

o»
a
m

GR
CM

CA
CM

Go
COM

CAM
CR

OM
CM

CM
(o

+

+ 26) SR
8) GR

. 15) GR
; 23) SR
; 26) GR
; 25) GR
; 22) OR
; 14) SR
; 24) SR
; 28) SR
;21) SR
; 20) SR
;13) SR
; 23) SP
; 20) SR
; 19) SR
;12) SR
;22) SR
;18) SR

n
>

>
5

»
>

>
L

2
>

L
2

5
0

>
>

5
>

E
>

c
N

B
b

G
b

H
Â

Q
H

W
E

h
m

O
Â

E
Â

h
h

IN
IT

O
E

O
C

N
N

ÉE
YN

RH
ÕÂ

GO
OE

O
D

O
N

Hm
HU

WN
SO

S
S

N
E

N
N

IO
LR

O
N

u
Â

N
H

O
N

O
O

E
N 237.27475

237.28238

237.285 65

237.31227

237.31227

237,32663

237.356 07

237.360 52
237.380 72

237.39491

237.397 88

237.407 87

237.426 86

237.436 84

237.437 86

237.475 64

237.485 62
237.493 64

237.511 49
237.521 44

237.52388

237.529 96

237.53716
237.54516

237.55171

237.578 08

237.578 08
237.58222

237.587 00

237.607 62

237.610 32

237.621 42
237.635 36

237.635 36

237.65513

237.661 80

237.669 09

237.68381

237.686 43
237.693 49

237.708 70

237.727 70

237.729 00

237.747 87
237.76470

237.77485

237,77955

237.78214

237.785 51

237.792 54

237.803 69

237.81295

237.820 43

237.825 97

237.82977

237.84235

237.875 66

237.89405

237.897 86

237.939 39

237.951 49

237.966 67

238.00299

238.00299

238.005 12

238.007 13

238.01505

238.017 47

238.033 12

238.033 12

238.052 82
238.05282
238.058 60

238.077 90

238.092 68

4
E

o
do

do
do

do
do

o
a
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do
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a
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A
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4
4

4
4

x
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e
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a
a

a
ua
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a
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Q a,
Qa,
P (1,
P (1,
R (1,

2a,
Qa,
P (1,
ga,
Qua,
R (3,
Q(0,
QG,
Qua,
P (1,

Qa,
Qua,
R (2,
Qua,
Qua,
QUa,
Q,
Qa,
Qa,
Qua,

Qa,
Qua,
Qu,
P (1,
P (1,
P (2,
P (1,
R (2,
P (1,
P (1,

P (1,
R (1,
Q (3,
R (1,
QG,
R (1,
R (1,
QG,

v
o
x

3
3
8

I
m

S
N

V
U

rE
N

O
U

N
O

N
M

M
O

U
N

S
N

N
N

N
E
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D
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Z
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O

ID
O

O
O

D
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O

D
O

D
O

D
O

N
O

W

O
6

W
E

O
O

P
A

| »
U

m
r
.

t
r
r

Q
UO

P
B

O
r
P

H
V

S
O

r
R

N
E

P
O

[N
U

O
S

U
N

D
O

R
A

R
A

R
B

A
L
A

P
a
h

h
O

R
A

C
a
h

k
h
a
m

q
a
a
d

o
n

à

; 11) SR (o,
; 13) SR (o,
; 18) SR — (o,

6) SR —(O,
; 12) SR — (O,
; 12) SR — (O,
; 25) SR (o,

6) GR —(0o,
; 10) SR (O,
; 11) SR ço,
; 29) SR (2,

9) GR, (o,
; 26) SR — (0,
; 10) SR — (o,
; 21) SR — (o,

8) GR + (oO,
9) GR —(0,

; 31) SR (1,
; 27) SR (O,

7) SR (O,
(o,

+— Fo,
— (0,

5) SR — (o,
6) SR — (o,

; 28) SR (O,
4) SR — (O,
5) SR (o,

; 23) GR — (0,
3) GR (o,;

; 19) SR — (1,
; 26) SP (O,
; 10) SR (1,

5) GR
6) GR

;25) SR
8) GR

; 24) SR
; 19) SR
; 23) SR
; 30) SR
; 10) SR
; 22) SR
; 28) GR
;21) SR

6) GR
; 22) GR
; 20) SR
; 26) SR
+ 17) GR
; 18) GR
; 16) GR
; 15) GR
; 19) GR
; 14) SR
; 20) GR
. 13) GR
; 19) SR
; 22) GR
;18) SR

2
O

m
p

m
n

=
[<

m
q

m
E

M
M

O

1
O

h
R

W
N

O
N

U
L
U

M
U

N
O

U
N

S
U

V
U

N
X

V
U

M
Á

; 11) GR
; 13) GR
; 19) GR
7) GR
; 11) GR
;12) SR
; 25) GR
; ) SR
; 10) GR
;11) GR
; 28) GR

9) GR

»
»

>
s
E

>
s
>

>
s
n

L
b

D
s
E

>
s
n
s
b
h
b
>

S
m

6
b

q
b
o
b
b
b
h
b
iD

R
E

D
S

6L
IO

0N
M

M
D

>
D

N
D

O
D

LD
D

O
N

E
SE

O
LS

O
D

S
D

S
0
L
0
L
O

D
D

D
O

G
h

L
D

e
E

M
S

B
B

E
D

S
D

D
D

W
h

b
h

b 238.099 10

238.105 20

238.131 12
238.131 12

238.133 84

238.133 84
238.13635

238.14019

238.14275

238.16493

238.16493

238.183 34

238.188 46

238.19583

238.215 59

238.220 48

238.226 53

238.246 51

238.249 45

238.25388

238.25636
238.284 09
238.28409
238.309 94
238.309 94

238.319 45

238.331 22

238.333 65

238.383 36

238.387 65

238.43621

238.473 90
238.539 17

238.554 92
238.558 89

238.591 77

238.649 45
238.707 63

238.72873

238.755 50

238.77392

238.801 53

238.801 53

238.822 34
238.845 30

238.847 84

238.863 75

238.887 33

238.894 45

238.894 45

238.897 08

238.897 08
238.902 44

238.902 44

238.909 58

238.91295

238.91918
238.927 42

238.950 30

238.965 46

238.978 80

238.98274

239.001 67

239.014 03

239.035 97

239.040 28

239.050 73

239.068 37

239.098 81

239.107 38

239.127 34

239.153 96
239.178 76
239.201 54

239.216 40

cm 6 7 13 14 15 16 17 18 19



Index upper state lower state Pp 6D­10% Int. Index upper state lower state õ 65­:10º Int.
T(n, K ; JIJ)“ = (n, K ; o /om"! /cm”*! /au. T(n, K ; N)*= (nK ; J)* /em"!* fem”! /au.

9) SR (3,
8) SR (3,
7) SR (3,
6) SR (3,
5) SR — (3,
2) SR 3,
4) SR — (3,
3) SR (3,
2) SR (3,
1) SR (3,

; 10) SR (1,
; 14) SR — (0,
; 31) SR +(0,
; 22) SR (O,
; 30) SR (0,

1) SR — (3,
; 28) SR — (O,
; 27) SR (2,
. 29) GR (0,

(o,

239.22245 4.4 4752
239.241 51 2.5 4653

239.25871 —O0.6 4851
239.273 80 0.9 4356

239.287 15 1.4 4356

239.290 87 0.0 3762
239.298 62 .3 3564

239.308 11 .2 2970

239.31571 .1 2673

239.321 57 0.9 7128

239.32512 0.2 7128

239.333 70 —O0.4 5049
239.354 97 —O0.5 1089
239.377 27 1.0 2673

239.387 57 . 990

239.396 27 .O 1485

239.41419 .7 2079

239.41419 .O 2079
239.41974 .6 1287
239.45240 .2 1485

Q(,
Q,
QG,
Q (3,
QG,
R (3,
QG,

9976 Q(4,—­1 ;20) RR — (3­2 ;20) GR
9977 Q(4,­1 ;19) SR —(3,­2 ;19) SR
9978 R (1, 6 ; 7) SR —(o 5 ; 6)SR
9979 Q (4­1 ;18) CR —(3,­2 ;18)SR
9980 —1 ;17) SR (3,2 an) SR

—1 ;16) SR (3,2
2 ; SR (3, 1

—1 ;15) SR (3,
­6 ;11) SR (1,5
—1 ;14) SR (3,2
—1 ;13) SR (3,2
—1 ;12) SR (3,2
—1 ;24) SR (0, O
—1 ;11) SR —(3, —2
—1 ; SR A(3, O

;13) SR (0, 1
;14) SR (0, 4
; 10) SR (3, —2
; 23) SR — (0, —1
; 9) SR (3,2

8) SR (3,2
7) SR (3, —2
6) SR (3,
5) SR (3,
4) SR —(3,
3) GR —(3,
2) SR (3,

. 9) GR — (0,
; 14) SR — o,
; 6) SR (o,
;31) SR
; 33) SR
; 29) GR

4) GR
4) GR

240.700 62 .1 3465

240.73673 3069

240.756 85 .5 8811

240.770 97 .1 3168

240.803 47 .0O 3564

240.83411 .1 3564

240.852 38 .4 4158

240.862 66 .3 4195

240.864 14 .8 6831

240.889 67 .7 3960

240.914 67 .6 4059

240.937 90 .9 3861

240.944 65 .2 1386

240.959 25 .6 5049

240.959 25 .O 5049

240.969 72 .3 5247

240.97395 .7 4752

240.978 82 4059

240.991 46 .1 2079

240.996 61 .3 3960

241.01258 .3 3762

241.02623 .7 9009

241.03919 .3 3267
241.049 80 .6 2970

241.058 65 .6 2673

4
+

4
A

x

E

9981

9982

9983

9984

9985

9986

9987

9988

9989

9990

9991

9992

9993

9994

9995
239.459 01 3 4554 9996
239.486 04 3.9 2871 9997
239.499 07 .8 1386 ||* 9998
239.519 40 .0 1881 ||* 9999
239.554 42 .4 2475 ||*10000
239.580 83 1 8316
239.590 60 .3 4752 +100a
239.628 43 5 2970 ||10003
239.635 83 5 7227 ||«10004
239.667 51 1 3366 ||«10005
239.670 46 .7 2970 ||*10006
239.697 03 .3 1584 1/*10007
239.708 20 .2 4059 || *10008
239.729 52 .2 6237 ||*10009
239.73318 .5 3267 ||*10010
239.738 04 .O 3663 ||, 11
239.750 49 .3 4356 .
239.784 84 .1 4950 *10013
239.79424 .4 5247 *10014
239.839 31 .O 5049 *10015
239.885 56 .4 5049 ||*10016
239.888 67 .2 4653 ||*10017
239.932 70 .9 7128 ||*10018
239.974 09 .6 4455 ||*10019
239.979 44 .4 5247 ||*10020
239.992 94 8 4950 ||,
240.026 54 .1 6633 10022
240.034 74 1 1287 ||119953
240.072 82 .5 8316 ||1100924
240.081 13 2 3663 ||1190925
240.118 16 o 7326 || *10026
240.118 16 1 7326 ||*10027
240.12995 .0O 2574 *10028
240.15231 .8 2673 || 10029
240.16261 .oO 5544 *10030
240.178 56 .5 4554 ||,
240.204 20 2 8415 [22003]
240.204 20 .o 8415 || 710032
240.244 39 .3 4257 |]710033
240.251 33 4257 ||710034

*10035
240.281 31 .3 3267 || *10036
240.31203 .1 2970 ||*10037
240.329 56 4 3168 ||*10038
240.393 09 .8 1386 ||*10039
240.428 23

.2 792 ||*10040
240.440 65 2 3168 ||,
240.443 02 .6 1683 ||22004
240.446 33 .1 3762 || 710042
240.490 64 .2 1485 |[710043
240.536 54 .9 2079 |[710044

*10045
240.545 70 .5 1188 *10046
240.580 28 .2 2178 *10047
240.622 33 .2 2475 ||*10048
240.662 47 .6 3465 *10049
240.686 12 .7 1287 *10050

o =

E
de

de
do

do
do

do
4

x

VM
A

OS
A

Es
PD |

M
E

4
do

do
do

o
4

a
x

a
D

a
E

E
Ea

E
E

E
r
a

E2
0

AN
ua

aa
au

uu
Nu

a
a

M
R

A
A

A
O,
(0,
— o,
(O,
(0,

| U V
R

J
I
N

V
N

O
O

JE
JL

P
P

R
P

S
P

E
P

R
R

A
[E

I
A

D
E

O
A

E
A

D

241.064 92 .2 3465
241.070 99 .7 1485

241.117 06 1 1287

241.12987 .2 8712
241.12987 1 8712

241.172 44 .4 2376

241.207 75 .1 3663

241.25698 .5 1782

241.330 16 .2 2673

241.33252 .2 2475
U N
M

IJ
ID

O
ID

O
U

T
O

N
D

O
IN

IZ
D

O
N

O
U

Z
D

O

U L
s

E
a

e
a

e
e

e
a

ra
a

e
a

o
p

s
pu

pu
po

pl
pu

pe
po

a
o

A
o
(
p
a

pá

de
E

do
o

o
de

do
do

+
x

IA
R

A
AR

AR
A

A
IN

A
A

A
PA

A
A

D
rp

rq
w

a
ra

U

rP
P

N
S

Í

2
+

; 24) GR
; 28) GR
; 26) SR
; 21) GR
;12) SR
;16) SR
; 21) GR

4) GR
; 210) GR
;19) SR
;17) SR
; 12) GR
; 30) GR
; 28) GR
;18) GR
; 29) GR
; 23) SR
; 8) GR
; 23) GR
; 16) GR
; 28) GR
;12) SR

4) GR
2) GR

; 15) GR
3) GR

; 25) GR
; 27) SR
; 12) SR
; 15) SR
; 24) GR
; 32) GR
; 7) Sê
; 34) SR

t
V

N
N

N
O

y
O

R
(|

241.33981 .1 4455

241.59181 .5 3762
241.61536 .9 4554

241.618 07 .1 4851

241.62019 .2 3861

241.624 44 .1 4950

241.684 30 .6 1584

241.743 60 .9 2079

241.757 24 1 7029

241.76155 .3 1881

EO
Aa

Su
ua

au
2

E
SS

Ú

1

1

1

1

1

2

1

1

1

1

6

2

8

o

8

1

1

1

8

8

3

2 8
6

8

8

5

8

8

4

8

1

1

8

8

3

3

8

2
8

8

8

1

4
A

A
A

x

U
|

t
P

B
N

O
r

FP
O

N
N

U
U

S
E

O
m

K
Q

m
n

m
rp

o
O

rp

241.81022 .6 2673

241.81257 .7 3366

241.83421 .4 3267
241.89791 .8 2871

242.04691 .4 1188

242.150 32 . 693

242.217 17 .4 2079

242.290 64 .7 9009

242.30310 .6 4851

242.336 62 .3 1782
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U
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N
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S
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V
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242.367 48 . 495

242.399 04 .3 6831

242.41203 .6 4752

242.45341 . 792

242.48391 .5 4554

242.519 94 .7 2574
242.530 16 .1 3861

242.571 59 . 891

242.601 26 .6 5445

242.614 58 .6 7029
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242.915 50 .9 3267
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243.047 14 4257
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Index upper state
T(n, K

lower state

JIJ) e (n, K , J)* q

6i5­10%º Int.
fem”! /au.

Index upper state
T(n, K ; JJ)” (n, K

lower state

; DJ)” q

*10051
*10052
*10053

10054
*10055
*10056
*10057
*10058
*10059
*10060

*10061
*10062
*10063
*10064
*10065
*10066
*10067
*10068
*10069
*10070

*10071
*10072
*10073
*10074
*10075

10076

*10077
*10078
*10079
*10080

*10081
*10082
*10083
*10084
*10085
*10086
*10087
*10088
*10089

*10090

*10091
*10092
*10093
*10094
*10095
*10096
*10097
*10098
*10099
*10100

*10101
*10102
*10103
*10104
*10105
*10106
*10107
*10108
*10109
*10110

*10111
*10112
*10113
*10114
*10115
*10116
*10117
*10118

*10119
*10120

*10121
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*10124
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R (2,
Qu,
R (1,
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P (1,
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243.111 00

243.11525
243.155 97
243.26821
243.30221
243.309 97

243.332 29

243.33229
243.339 77

243.413 59

243.468 20

243.478 72

243.51472

243.521 57

243.544 03

243.548 53

243.670 39

243.67368

243.689 20

243.759 70

243.789 55

243.817 12
243.896 18
243.929 29
243.970 02

243.970 02
243.988 91
243.994 34

244.013 82

244.078 98

244.08431

244.089 65

244.15221

244.160 04

244.166 63

244.167 09

244.21929
244.221 91
244.228 38

244.24171

244.257 66

244.309 96

244.371 68

244.427 23

244.464 84

244.477 08

244.515 86

244.521 42
244.560 48

244.59461

244.62397

244.629 59

244.648 87

244.669 24

244.68551

244.688 54

244.779 83

244.817 63

244.836 67

244.862 58

244.978 60
244.988 88

245.036 84

245.036 84

245.07981

245.135 90

245.206 96

245.27168

245.335 33

245.384 39

245.454 64

245.488 86

245.51128

245.52551

245.55423

—1.5 1188

1386

3564

3168
3366

6930

3069

3069

5841

2475

2970

2178

1980

2970

1287

2178

8118

2475

3861
1188

3168

8712

3267

6930

5445

5445
4653

3564
1287

3069

4158

6930

2871

4752

4851

2124

8316

3762

5346
4356

1386

4554

4752

4851
3960

4950

8217

4851

4653

5049

4554

7623

3960

3168

2475

3663

2871

2970

1782

6831

1485

1089

5544

5544
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2673
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2178

9405

1188

6732

4653
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4950
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*10127
*10128
*10129
*10130

*10131
*10132
*10133
*10134
*10135
*10136
*10137
*10138
*10139
*10140

*10141
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*10147
*10148

10149
*10150
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*10153
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*10158
*10159
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*10162
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*10164
*10165
*10166
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*10170

*10171
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*10174
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*10176
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*10183
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*10200
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4) SR (3,
; 14) SR (0,
; 36) SR (1,

5) SR (3,
9) SR — (o,

;10) SP (o,
; 24) SR (O,
; 26) SR (O,
; 28) SR (0,
; 21) SR (o,

(0,
+ (o,
(0,
(1,
(o,

— (0,
(0,
(o,
+ (O,
(o,
+ (O,
— (o,
(0,
(1,
+ (0,

(0,
(o,

ot; 3) GR
;15) SR
; 35) SR

4) GR
8) GR

;11) SR
: 23) GR
; 25) SR
. 27) GR
; 22) SR

5) GR
4) GR

" 21) GR
. 14) GR
; 14) GR
;12) SR
; 31) SR
; 20) SR
; 19) SR
; 30) SR
; 14) SP
. 26) GR

8) GR

;

; 31) GR
; 14) GR
; 17) GR
; 28) SR
; 28) SR
;19) GR
;17 SR

E
m

E
>

u
o
6
>

S
E

M
H

N
O

E
>

5
>

t
N

N
H

H
SI

H
o
b
E

D
O

N
O

U
C

O
H

E
W

o
L
L
D

I0
E

N
D

D
R

2
o

m
E

S
L

O
IO

A
O

O
L

A
x
O

0
q
N

E
A

O
D

S
D

D
O

;m
b
b
S

L
2
U

W
E

D
N

C
N

S

245.571 90

245.603 80

245.618 17
245.63581

245.760 56

245.850 90

245.870 82

245.911 43

245.916 34

246.01566
246.063 45

246.181 94

246.18325

246.217 84

246.24465

246.41551

246.438 78

246.525 43

246.62238

246.631 59

246.717 43

246.733 89

246.737 68

246.78276
246.81883

246.844 63
246.875 97

246.974 55

246.983 59

246.986 43

246.999 92

247.005 80

247.007 67

247.010 62

247.079 27

247.079 27

247.128 06

247.17434

247.190 54

247.19311

247.207 89

247.23361
247.249 00

247.249 00

247.264 49

247.275 43
247.300 51
247.30476
247.320 59

247.337 72

247.341 62

247.37308

247.41066

247.45013

247.468 98

247.491 12

247.50135

247.53324

247.55501
247.575 69

247.57967

247.606 08

247.618 46

247.65338

247.661 07

247.695 54

247.70294

247.730 54

247.743 90

247.743 90

247.755 07

247.78374
247.797 67

247.82165
247.857 34
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upper state lower state U

. upper state lower state

T(n,K ; JJ)“ = (n, K ; 3)” "

. T(n,K ; JJ)"(n K ; JJ)”
*10201
*10202
*10203
*10204
*10205
*10206
*10207
*10208

10209
*10210

(o,
— (0,
(o,
(o,
Fo,
(0,
—o, :
+ Fo,
+ Po,
(0,

247.868 60 . *10276 Q (1,
247.891 45 . 10277 Q (1,
247.922 48 . *10278 Q (1,
247.933 90 . *10279 Q (1,
247.950 83

. *10280 Q (1,

' *10282 R (2,
248.009 56

*10283 R (1,
248.029 12

*10284 R (1, 7) SR ; 6) SR248.06235 *10285 Q (1, ;18) SR ;18) SR
248.18291

: *10286 Q (1, ; 17) SR ;17) SR
248.26215 . *10287 Q (1, ; 19) SR ; 19) SR
248.26413 . *10288 Q (1, ;16) SR ; 16) SR
248.29575

. *10289 Q (1, ; 20) SR ; 20) SR
248.344 10 . *10290 Q (1, ;15) SR ;15) SR

. *10292 Q (1, ;21) SR ; 21) GR
io16 *10293 Q (1, ; 14) && ; 14) Sã
248 448 03

*10294 Q (1, ; 13) ; 13) SR
*10295 Q (1, ; 22) SR ; 22) SR

248.473 08
' *10296 Q (1, ; 36) SR

248.488 65 : *10297 Q (1, ; 12) SR
248.498 84 : *10298 Q (1, ; 23) SR
248.536 66

' *10299 Q (1, ;11) SR
248.589 58

. *10300 Q (1, ; 10) SR

248 631 s1 10302 R (1, ; 23) SR
*10303 Q (2, ; 23) SR

248.632 47
10304 Q (1, | 9jGR

248.638 15 *10305 Q (1 ; 26) GR
248.642 70 : *10306 Q (2, ; 22) SR
248.645 03 : *10307 Q (1, ; 8) SR
248.65211 : *10308 R (1, ;18) SR
248.662 89 : *10309 Q (2, ;21) SR
248.672 79

: *10310 Q (1, ; 1) SR
248.67279

10311 ; 25) SR248.68219
+10312 23) GR248.69405
+10313 20) SR248.697 66
10314 122) GR248.727 49
+10315 : 6) SR

248.727 49 : *10316 ;21) SR
248.737 37 *10317 ; 19) SR
248.74337 : *10318 ; 5) SR
248.750 41 : *10319
248.760 90 ' 10320
248.760 90
248.796 95

248.796 95 s10ãaa
248.821 67
248.835 06

:

*10324
*10325

248.839 73 : *10326
248.860 28 : *10327
248.874 34 : *10328
248.876 96 : *10329
248.88551 . 10330
248.91418 .

.

248.94403 : 210331
248.950 26 210332
248.953 95

.

10333

248.992 90
*10334
*10335

248.996 88
, *10336

249.010 09 . *10337
249.030 70 . 10338
249.044 08 . *10339
249.066 62

. *10340
249.082 56

249.085 94

249.100 35

249.12276

249.13141

; 2 +; 5) GR
;28) SR 8 ;28) SR

5) GR 27; 5) GR
4) SR 2; y6R
3) SR 2 ; 3)6R

249.18163

249.18163
249.18399

249.204 42

249.221 80

249.261 90

249.26593

249.27473

249.30274

249.32005

249.322 48
249.32510

249.331 20

249.338 45

249.34541

249.346 90
249.360 62

249.364 37

249.386 69

249.39271

249.39271

249.411 98

249.43515

249.438 96
249.466 93

249.488 60
249.488 60
249.490 24

249.494 98

249.50426

249.51322
249.52248
249.52498

249.53671
249.548 54

; 28) SR ; 27) SR
an) SR ; 16) SP

7) SR ; 6) SRR
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(0,
(0,
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—(o,

— (0,
(o,
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*10233
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10235

10236
*10237
*10238
*10239
*10240

249.55320

249.558 01

249.560 76
249.57038

249.57292

249.584 68
249.584 68
249.59481
249.59975

249.608 73

249.608 73
249.61367
249.616 86
249.629 46

249.62946

249.632 54
249.634 90

249.641 24

249.65376
249.65376

249.656 00
249.67261
249.678 94
249.691 62
249.701 00

249.710 84

249.717 43

249.71870
249.72229

249.72981
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249.748 11
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249.76591

249.780 04
249.780 04
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249.797 16
249.798 14
249.798 14
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*10265
*10266
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2772
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*10650
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; 10) SR
; 16) SR
;25) SR

25) GR
20) SR
23) SR
22) SR

5) GR
111) SR

5) GR
;12) SR
;14) SR
; 27) SR
; 12) GR
; 13) GR
; 11) GR
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; 26) GR

6) GR,
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; 14) GR
; 11) GR
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; 23) GR
; 13) GR
; 19) SR
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257.01613

257.04375

257.055 85

257.079 47

257.08475

257.15625

257.16507

257.25246

257.28618

257.29141

257.350 53

257.38125

257.42572

257.464 69

257.466 16

257.700 22

257.78378

257.895 86

257.959 94

257.959 94

258.013 60

258.053 05

258.077 32

258.106 96

258.13001

258.158 69
258,.17253

258.24877

258.268 63
258.276 53

258.317 54

258.460 17

258.48253
258.509 99

258.558 53

258.603 07

258.605 59

258.67215

258.68878
258.691 51

258.71972

258.732 54
258.740 50

258.751 62

258.81063

258.85293
258.886 08
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258.99375
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259.25944
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259.974 52
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260.17651

260.18304
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10679

*10680

*10681
*10682
*10683
*10684
*10685
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;15) SR
; 30) SR
; 16) GR
; 28) SR
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;15) SR
; 23) SR
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;28) SR
;11) GR
; 25) GR
; 27) SR
; 23) SR
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;25) SR
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;14) SR
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; 23) GR
;23) GR
; 22) SR

8) GR
; 21) GR

9) GR
;12) SP
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; 19) GR
;15) SR
; 22) SR
;16) SP
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;17) SR
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;15) SR
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3 =; 29) SR
3+;29) SR

U
m

r
N

|
­

U
U

o
m

M
e

N
N

V
N

N
N

U
S

N
D

O
N

G
UN

[H
O

P
N

UN
N

O
q

NU
NO

N
L

e
E

N
N

O
U

N
U

N
O

D
A

N
N

A
N

O
N

N
O

U
R

A
J
O

N
O

NU
N

D
N

H
E

H
E

O
v
e

r
O

O
t »

+ (O,
— (0,
e­(1,
(0,
+ (O,
— (o,
(o,
(o,

(1,

(0,
— (3,
— (3,
(3,
(O,
(0,

—(3,
(0,
—(1,

(1,
(0,
(O,
— (0,
(0,
+ (0,
(O,
+ (0,
(O,

(0,
— (0,
(0,
+ (0,
+(0O,
+ (0,
(1,
— (0,
+— (0,
+ (O,

(0,
(0,
+ (0,

+ (O,
(0,
+ (O,
+ (O,

U
E

e
N

O
N

VM
A

R
R

P
R

O
O

= N
O

1
5

2
1

U
M

W
r
e
N

N
[e

O
F

cNE
SB

i
M

w
m

r
q

N
M

N
O

O
1

m
E

N
O

N
V

G
P

R
D

P
D

O
M

N
M

O
re

e
E

e
P

D
A

N
H

Á
E

A
R

H
O

U
O

H
P

H
E

H
O

M
N

N
rp

rE
O

U K
m

+
.

260.221 72
260.27303

260.336 94

260.444 44

260.517 30

260.519 27

260.56275

260.651 17

260.738 64

260.81671

260.869 58

260.965 95

261.03413

261.085 07

261.228 47

261.231 20

261.235 29

261.25369

261.270 43

261.30021

261.357 93

261.461 38

261.47375

261.49672

261.541 49
261.555 52

261.604 15

261.618 52
261.618 52

261.62219

261.648 97

261.65372

261.68373

261.692 34

261.70246

261.746 30

261.777 63
261.792 04
261.80595
261.88613

261.98280

262.012 58

262.043 28

262.053 68

262.067 92

262.080 89

262.107 18

262.11161

262.17918

262.27668

262.37238

262.37238

262.430 41

262.437 70

262.46571

262.497 38

262.555 67

262.567 65

262.583 41

262.617 14

262.642 00

262.71237
262.724 30

262.784 57

262.79091

262.798 68

262.80218

262.875 40

262.924 12

262.94335

262.949 72

263.007 47

263.011 44
263.028 69
263.049 45

E
b
M

H
E

»
>

N
N

N
O

N
H SO

CL
L
D

H
H

N
D

M
>

D
OW

NL
R

IO
N

N
O

N
D

O
N

a
b

ND
AD

DL
S

O
L

O
L

R
O

N
Q

E
O

N
O

O
S

O
L

S
D

q
O

N
D

N
A

m
E

H
S

o
D

N
N

D
E

O
0

O
S

D
O *10726

*10727
*10728
*10729
*10730

*10731
*10732
*10733
*10734
*10735
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; 11) GR
; 10) GR
; 16) GR
; 15) GR
; 25) GR

9) GR
8) GR;

; 23) GR
8) GR
8) GR

; 29) GR
. 11) GR

7) GR
6) GR
5) GR

; 23) GR
4) GR
3) GR
2) GR

;14) SR
9) GR
8) GR
7) GR

; 23) SR
; 22) SR

8) GR
9) GR

jan SR
;15) SR
; 16) SR
. 17) GR
; 12) SR
; 26) GR
; 14) GR
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h 263.053 82

263.056 16

263.066 25

263.120 12

263.169 24

263.191 80

263.198 70

263.207 75

263.21364

263.21638
263.230 74
263.230 74

263.253 27

263.265 17

263.265 17

263.288 31
263.318 79

263.344 85

263.348 60

263.366 44

263.383 67

263.396 56

263.566 26
263.592 66

263.649 20

263.68171
263.714 27

263.911 80

263.92601

264.000 29

264.02621
264.098 50
264.14661

264.17159

264.211 84

264.26413

264.32578

264.376 15
264.444 57
264.473 44
264.477 60

264.496 01

264.524 09
264.53675

264.57665

264.627 12
264.643 98
264.743 57

264.75245
264.766 26

264.777 85

264.810 43

264.824 88

264.901 59

265.088 64

265.12877

265.18931
265.220 02
265.288 32
265.325 88

265.370 98
265.477 20

265.478 99

265.55281
265.577 10

265.626 95

265.639 82

265.673 54

265.70740
265.738 53
265.852 94

265.858 25

265.885 96

265.889 95

265.961 41
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EA
AA

A
A

a
p
oo

pu
p
l

a
a

a
A

o
o

e
0)

CI
ND

NE
CG

a
NO

e
es

pe
a

pe
p
p

pu
o

o
pr

po
pu

p
u

O
n
p

ps
A

N
r

ps
o

pu

IN
A

A
MA

MA
A

A
R

E
A

RA
N

EN
AN

AA
PN

IA
EN

AA
A

A
A

AA
AN

A
AA

AA
AA

N
E

N
(O

m
E

E
(Q

E
4

a
e

pu
pu
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pu

pu
pu
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ul

LX
)
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Index upper state lower state 7 . Index upper state lower state

T(n,K ; NJ)” e (n,) K ; JD)” ­ .u. T(n,K ; JJ)” (n)K ; J)*

276.959 25

276.971 07

276.97474

277.001 77

277.001 77

277.01941

277.03918
277.04963

277.074 52

277.084 87
277.091 32

277.10649
277.13556

277.16174

277.18494

277.20553
277.209 84

277.22332

277.238 53

277.250 90

277.26116

277.268 89

277.27396

277.280 02
277.286 44

277.29374

277.340 88

277.359 25
277.38431

277.40362

277.52955

277.57965

277.58615

277.668 92

277.72609

277.758 42
277.790 43
277.83374

277.854 56
277.86470

277.88781

278.025 44
278.049 42

278.096 42

278.10588

; 23) SP
3) GR

; as) SP
; 31) GR
; 34) GR
;21) SR

2) GR
; 23) SR
; 33) GR
; 19) SP

32) GR
30) GR
16) GR
31) GR
28) GR
30) GR

; 27) GR
; 16) GR
; 29) GR

3) GR

11101 R (3,—­1/ ;24) SR (3,
*11102 QQ, 3 ; 3) SR (o,
*11103 Q (1, 9 ;35) SR —(o,
*11104 R (1, 6 ;32) SR —(0,

11105 Q (1, 9 ;34) SR —(0,
*11106 R (4,—1 ;22) SR —(3,
*11107 P(1,­1 ; 1) SR —O,
*11108 R (1, ; 24) SR — (O,
*11109 Q (1, ; 33) SR — (O,
*11110 R (1, ; 20) SR (o,
*u11u1) QQ, ; 32) SR — (o,
*11112 R (1, ; 31) SR — o,
*11113 R (1, ; 17) SR o,
*11114 Q (1, ; 31) SR — (0,
*11115 R (1, ; 29) SR (O,
*1116 Q (1, ; 30) SR — (o,
*11117 P (1, ; 26) SR — (o,
*11118 R (1, ; 17) SR o,
*11119 Q (1, ; 29) SR (O,
*11120 R (1, 4) SP — (O,
*11121 R (1,
*11122 R (1,
*11123 Q (1,
*11124 R (1,

11125 P (2,
11126 P (1,

*11127 R &*11128
*11129
*11130

274.778 89
: *11176 Q (2,

274.778 89
: *11177 R (1,

274.897 04
: *11178 Q (1,

274.92121
| 11179 Q (2,

274.993 60
: *11180 R (1,274.99951

275.08113 (1
275.08581 e,

275.090 05 [

275.16191 e,
(1,
(1,

;15) SR (1,
(o,
(o,
(1,
—po,

15) SR
; 26) SR

10) SR
14) GR

;1a7) SR
9) GR

; 13) GR
; 26) GR

*11181

*11182
*11183
*11184
*11185

275.18870
. *11186

275.22352
. *11187

275.264 96
. *11188

275.287 99
. *11189

275.32249
. *11190

275.387 52

275.467 19
275.471 79

275.486 64

275.531 33

(o,
—(1,
o,
(1,
(o,
o,
—(,
(O,
a,
(1,

| » U

Y t

+
+ VF2,

21 |

*11191
*11192
*11193
*11194
*11195

275.581 28
| *11196

275.58405 : *11197
275.585 44

: *11198
275.59553

À *11199
275.610 83

. *11200
275.61083
275.64921

:

*11201

275.683 03
:

*11202

275.700 59
:

11203

275.753 67
:

*11204
*11205

275.779 43
. *11206

275.796 60 : *11207
275.83264

. *11208
275.849 84

. *11209
275.866 10

. *11210
275.874 32

"
275.967 45

. 22H
275.973 68

:

11212

275.977 56
À

*11213

275.983 42
.

*11214

Q
Q
R

Q
Q
P

Q
R

R

Q
Q
Q
Q

Q (1,
R

Q
Q
Q
Q
Q
P
R

P

R

R

R
R

R

R

P

P

R

P

R

R

R
R

*11215 R
P

R

R
P

R

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

R

Q
Q
Q
Q
Q
R

R

Q
Q

R

R

R

Q
R

P

R

Q
R

R

(o,
—(,
(1,
(1,
(O,
(1,
o,
(o,

M
ÁS

N
E

R
O

O
N

N
O

S
L
C

N
V

O
N

N
O

U
Á

V
O

N
O

U V

; 12) SR — (O, ; 11) SR
; 26) SR (0, ;25) SR
; 28) SR — (0, ; 28) SP
; 26) SR (O, ;25) SR

—(o, ; 22) SP
N 17) GR (0, . 18) GR
; 28) SR (O, ; 21) SR
; 27) SR — (o, ; 27) SR
; 15) SR — (o, ; 14) SR
; 23) SR — (o, ; 22) SR

—(o, ; 26) SR
— (0, ;23) SR

; 18) SR (o, ;17) SR
; 8) GR —C(0, . 7) GR
;16) SR — (0, ;15) SR
; 25) SR — (O, ; 25) SR
; 24) SR (O, 124) SR
; 14) SR (o, ;15) SR
; 17) SR (o, ;16) SR
; 14) SR (O,
; 33) SR — (O,
; 23) SR (O,
;16) SR (0,
; 22) SR (O,
; 26) SR — (3,
. 4) GR (0,
. 21) GR (0,
. 24) GR — (3,
; 25) SR — (3,
. 17) GR
+ 17) GR —(1,
. 20) GR —(0,
; 24) SR (O,
; 19) SR — (0,
; 18) SR —(o,
; 23) SR (3,
; 17) SR — (O,
; 22) SR (1,
; 25) SR — (O,
; 30) SR
. 21) GR
; 16) SR — (0,
;21) GR
; 15) SR — (0,
; 20) SR (1,
; 18) SR — (0,
; 14) SR — o,
;19) SR (1,
;18) SR (1,
;13) SR (0,
+ 17) GR

(2
8
)

| |
n

I
P

g
a

o
s

J4
4N

M
VN

N
VN

N
O

N
N

N
N

V
N

N
U

N
N

A
N

O
M

O
N

N
U

V
O

A
M

N
M

*11131
*11132
*11133
*11134
*11135
*11136
*11137
*11138
*11139
*11140

P
O

S
T

E
M

NE
ER

E
N

E
N

EL
E

N
N

N
N

N
H

P
R

+

U

+*11141
*11142

*11143
11144

*11145
11146

11147

*11148
*11149
*11150

P
rN

9
)S

276.036 67
. *11216

276.058 56
­ *11217

276.090 99
. *11218

276.14801
: *11219

276.16418
. *11220

276.23314
276.233 14 *11221

276.251 74
.

*11222

276.285 84
:

*11223

276.293 80
.

*11224
*11225
*11226
*11227
*11228
*11229
*11230

PE
RT

TI
RV

OE
S

D
O

T
T

T
O

O
T

E
R

T
O

C
O

P
O

VV
TV

OT
OS

T
O

S

U
R

A
N

H
O

J
W

W
U

P
E

P
R

V
N

A
R

N
A

N
U

O
U

O
|O

O
O

C
M

N
L
I

H
H

S
(D

Q
O

E
S

m
M

W
N

Á
Â

É
é
É

N
D

I
D

O
N

H
UO

[N
(O

UM
PR

(O
U

M

­ rr | |

278.132 54

278.132 54

278.14026

278.140 26
278.15183

278.159 59

278.166 42

278.18211
278.191 73

278.197 45

278.208 73

278.21121

278.22237

278.230 34

278.238 89
278.30293

278.31251

278.333 34

278.385 69
278.488 58

M
A

O
P

O
m

r
O

r
qH

iO
O

P
P

R
O

U
O

rE
[L

O
N

JA
R

[P
>

O
0

O
4

O
0

O
0

O
|O

O
0

]S
C

r
P

O
O

N
O

N
V

O
W

O
A

tt
b
i
o
(
b
L

nom
uvN

A
s
D

Iw
À

O
D

O
U

UU
NA

JO
S

N
L

UU
MW

O
m

ei
u

N
U

O
0
O

J
S

0
W

m
2
(
0

1
0

*11151
*11152
*11153
*11154
*11155
*11156
*11157
*11158
*11159
*11160

276.31043
276.31756
276.36487
276.39848
276.47650
276.51396 À

276.551 30 .

*11231

276.563 99
­

*11232

276.595 20
.

*11233

276.602 97 :

*11234
*11235
*11236
*11237
*11238
*11239
*11240

M
A

AA
AA

A
A

A
ER

ER
m

A
m

[
q

[
S

4
s
s
m

m

+

U
S

*11161
*11162
*11163
*11164
*11165
*11166
*11167
*11168
*11169
*11170

*11171
*11172
*11173
*11174
*11175

276.61096
276.62284
276.63256
276.69085
276.69717
276.74065
276.755 29

.

*11241

276.756 58 .
*11242

276.81309
.

*11243

276.81592
:

*11244
*11245
*11246
*11247
*11248
*11249
*11250

t
+

PR
O

O
R

R
O

O
O

O
O

N
O

O
O

C
O

O
C

O
O

O
O

O
y
u
m

278.525 51

278.534 25

278.59513

278.61267

278.63373

278.637 80
278.71297

278.759 12

278.807 01

278.809 43

276.865 40

; 12) SR — (o, 276.87291

; 16) SR (1, 276.91405
; 11) SR —o, ; 11) 276.925 82

; 27) SR , ; 276.955 37

m
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E
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S

qr
H

H
E

N
D

LR
P

R
D

oO
N

>
L
D

L
S

q
O

q
O

q
0
E

E
D

C
O

N
IN

hH
NH

NH
N

B
u
o
b
b
L
h
D

IO
D

L
D

A
AD

A
D

O
L

R
L
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D
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O
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O
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bE
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O
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O
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O
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O
O
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O

D
O

D
O

IO
D
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O

D
O

A
A
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D

O
Z

D
O
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O

S
II
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T
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O
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A
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O
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T
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O
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O
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O
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E
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Index upper state lower state DP 67 ­10º Int. upper state lower state

T(n, K ; JJ)“ (n, K ; J)* /em"? fem”! /auu. T(n, K ; JJ)”= (n K ; 1)"
281.86175

281.93291

281.94118

281.95799
282.16549

*11251 R (1,—­5 ;20) SR —(O, ; 19) SR
*11252 R (1, 2 ;10) SR —(O,
*11253 Q (1,—1 ;20) SR —(0,
*11254 P (1, 8 ;15) SR o,
*11255 R (1, 5 ;30) SR —ço,
*11256 P (2, 6 ;19) SR —0O,
*11257 R (1, 4 ;26) SR —(0O,
*11258 R (1, ­2 ;19) SR — (0,
*11259 R (1, ; 32) SR 0,
*11260 Q (1, ; 21) SR — (o,

11261 R (3, ; —(3,
*11262 P (1, ; (o,
*11263 P (1, ; —(0,
*11264 R (3, ; (3,
*11265 Q (1, ; —(0,
*11266 P (1, ; (0,
*11267 R (2, ; —(1,
*11268 R (2, ; —(1,
*11269 R (1, ; (0,
*11270 R (1, ; —(0,

*11271 P (1, ; — Fo,
*11272 R (4, ; —3,
*11273 Q (1, ; (o,
*11274 R (1, ; (0,
*11275 R (1, ; (0,
*11276 R (1, 3 ; —(0o,
*11277 R (1, ; (0,
*11278 R (1, ; —(o,
*11279 P (1, ; —(o,
*11280 ; (o,

278.885 42 0.4 3267 ||*11326 R (1, ; (o,
278.91390 0.5 7128 |[*11327 Q (1, — ; — PO,
278.928 48 .3 7142 |[*11328 R (1, ; + (O,
278.932 44 .6 1714 |[*11329 R (1, ; + (0,
278.946 17 1 4752 |[*11330 R (3, ; —(3,
278.958 42 .1 1333

279.018 82 .8 6039

279.086 93 .2 4851

; 26) GR
;

|
p
r

Q
O

,

*11331 R (1, ; (0,
*11332 P (1, ; 18º (0,
* :

279.107 73 .o 1782 11324 Ra : =&
279.121 38 9 TO47 ||111335 R (3 ; =
279.170 10 .5 6534 || 11336 P (2, ; —(0,
279.18691 1 3428 11*11337 R (1, ; — (o,
279.19118 .3 3047 || 11338 P (1, ; — (0,
279.291 94 .9 2079 11339 P (1, ; —Fí(o,
279.338 08 .9 6380 |[*11340 R (2, ; (1,
279.357 98 2 3809 ||+11341 R (2, : a,
279.372 66 7 1386 | +11342 R (4, ; —G,
279.398 73 “7 1980 || *11343 R (1, ; —(0,
279.477 64 3 6039 ||«11344 R (1, : (0,
279.503 60 2 5904 || 11345 P (1, : (0,
279.526 32 .2 5809 ||[*11346 R (1, ; (o,
279.534 08 .5 1238 ([*11347 P (1, ; (0,
279.578 80 .6 6190 ||*11348 R (1, ; — (0,
279.617 87 .2 5049 |[*11349 R (1, ; — (0,
279.654 44 .6 2277 ||*11350 R (1, ; (0,
279.669 10 8 7809 ||*11351 R (1, ; (0,
279.682 22 4 3366 ||+11352 R (2, : a,
279.805 01 3 3267 | +11353 R (1, ; (0,
279.818 56 5 2285 ||+11354 P (1, ; (0,
279.843 64 6000 ||=11355 R (1,
280.069 59 .8 6761 ||*11356 R (1,
280.081 02 .2 6380 |[*11357 P (1,
280.092 80 .o 6761 ||*11358 R (1,
280.13261 8 5714 [|*11359 R (1,
280.177 17 .4 3523 [|*11360 R (2,
280.209 89 6 7333 || 11361 R (3,
280.230 97 ­O 1619 ||*11362 R (1,
280.271 20 .8 3523 *11363 R (3,
280.331 21 4 6857 |l*11364 R (1,
280.334 33 .O 4571 11365 P (1,
280.412 76 5 3523 |[?11366 R OO,
280.438 41 9 Ta2g ||211367 R (1,
280.445 64 1 5142 [|212368 P 2,
280.585 35 2 1714 |[711369 R (1,
280.606 99 .o 4000 ||*11370 P (1,
280.626 85 1 1714 [1137 R (O,
280.641 89 2 6000 ||+11372 R (1,
280.650 74 .5 4476 ||[*11373 P (1,
280.669 87 1 2095 ||*11374 Q (1,
280.782 67 2 4476 [111375 Q 1,
280.790 43 .7 1619 [711376 Q (1,
280.794 92 8 2761 [711377 Q O,
280.797 44 .2 2666 [|211378 Q (O,
280.894 39 .o 4000 || 211379 R (1,
280.910 48 1 1523 ||[*11380 Q (O,
280.942 65 .3 1904 ||[*11381 R (1,
280.980 48 .T 2285 ||*11382 Q (1,
280.987 37 3 3809 ||*11383 R (1,
281.016 58 .8 2666 ||*11384 R (1,
281.039 86 .o 1333 | +11385 Q (1,
281.060 78 3 5523 [|7213868 R (1,
281.121 22 4 6952 ||*11387 R O,
281.131 96 4 5142 [221388 R (1,
281.143 48 .8 4380 [711389 Q (O,
281.148 11 .4 5333 |[*11390 Q (1,
281.371 61 4 4380 ||*11391 R (1,
281.52771 .3 3904 ||*11392 P (1,
281.530 48 .5 2285 | *11393 R (1,
281.583 80 1 6190 ||*11394 Q (1,
281.608 73 4 6761 ||+*11395
281.633 04 4 6476 [211396 P (1,
281.700 36 Tazs ||[711397 R (1,
281.71473 9 4095 ||[211398 R (2,
281.72631 .6 2666 || 711399
281.828 40 .2 2952 |[711400

282.22118

282.233 90

282.27273

282.27521

282.285 48

282.290 35
282.299 77

282.40315

282.40505
282.447 70

P
A

N
A

N
O

|

D
+

+ 282.486 99

282.54285

282.56516

282.61259

282.61259
282.648 22

282.75318

282.934 35

283.068 06

283.15241

!

+
.

283.17464

283.181 24
283.18398

283.23285

283.24551

283.389 7

283.430 14

283.471 17

283.47219

283.53243

283.657 90
283.692 92
283.777 67

283.799 47

283.876 87
283.911 39

283.95083

283.950 83

284.000 67

284.010 30

*11281 ; (o,
*+11282 R (2, ; (1,
*11283 R (1, ; (o,
*11284 ; —(0,
*11285 R (1, ; —(9,
*11286 ; —(0,
*11287 ; —(0,
*+*11288 ; —(0,
*11289 ; (0,
*11290 ; (0,

*11291 ; — (0,
*11292 ; (0,
*11293 ; —C(0,
*11294 —o,
*11295 —(0,
*112906 —(0,
*11297 —(0,
*11298 (o,
*11299 ; 3,
*11300 (0,

V |

|
A

o
O

N
O

R
N

U
G

O
O

r
P

O
L

N
N

N
A

Q
L
R

N
N

Q
U

U
O

O
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L
U
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A

R
N

V
O W

O
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O
R

O
N

O
N

A
N

O
M

N
O

A
R

N
E

R
U

W
U

O
N

IF
E

N
O

N
N

O
A

O
O

W
U

|
E

O
Q

O
r
v
w

o
&

s
A

â
a

r
r
p

A
N

Y
N

P
B

E
L

N
A

N
H

O
N

O
Q

O R
G

B
O

L
EH

EL
N

H
O

O
N

Q
N

V
R

U
N

J
S

H
O

U
H

N
E

A
R

V
N

U
O

R
O

V
N

U
A

O
r
F

Y
A

a
A

N
N

N
N

N
U

O
C

U
Y

V
Y

O
S

R
S

U
N

V
IE

EN
E

O
O

Y

v
A

v
m

m
C

N
S

)

284.157 41

284.166 94

284.235 60

284.350 37

284.36941

284.397 92

284.436 09

284.48413
284.493 62

284.54211

284.545 22
284.61045

284.61572

284.660 64
284.689 29

284.701 64

284.724 82

284.768 79

284.778 99

284.879 84

E
s
)

P
F

­
.

*11301
*11302
*11303
*11304
*11305
*11306
*11307
*11308
*11309
*11310

*11311
*11312
*11313
*11314
*11315
*11316
*11317
*11318
*11319
*11320

Es (3,
+ (0,
(O,
—F(0o,
(1,
(1,
(0,
(O,
+—F(0O,
—(3,

=
F

t.
­

+
+

t
6

Gs
me

O
X

A
O

O
N

A
A

1

(o,
—(0o,
(O,
—(0,
—(0,
—(0,
—(0,
o,
—(0,
o,

(1,
— (O,
+ (0,
—(0o,

1
)
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*11415
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R (1, 37;24) SR — (0, +; 23) SR
P (1, ; 11) SR — (0, ; 12) SR
R (1, ; 30) SR — (0, ; 29) SR
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R 285.253 12

285.265 89

285.386 O5

285.402 45

285.427 83

285.516 14

285.557 47

285.564 94

285.606 43

285.61582

285.63316

285.688 39

285.694 94

285.741 19

285.85473

285.931 51

286.015 08

286.049 86

286.049 86

286.12991

286.136 40

286.257 23

286.263 33

286.28376

286.356 44

286.441 18

286.442 27

286.485 45

286.536 94

286.592 09

286.608 31

286.643 28

286.64513

286.651 03

286.738 32

286.840 89

286.843 80

286.846 36

286.942 94

286.981 90

287.044 20
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287.14498

287.14970
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287.219 58

287.21958

287.22401

287.244 37
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287.321 95
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287.439 42

287.465 78
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*11509
*11510

*11511
*11512
*11513
*11514
*11515
*11516

*11518
*11519
*11520

*11521
*11522
*11523
*11524
*11525
*11526
*11527
*11528
*11529
*11530

*11531
*11532

11533
*11534
*11535
*11536
*11537
*11538
*11539
*11540

*11541
*11542
*11543
*11544
*11545
*11546
*11547
*11548
*11549
*11550

*11517,

R(1,­5 ; —(0,­6
QUWu­8 ; (0, —7

(1, 10 ; —(0, 9
(1,8 ; —(o,
1,5 ; —(0, —4

& 37; —(o, 2+;
1,8 ; (0,

(1, 6 ; —(0, 5
1,­8 ; (0, —7

& o +; —(0, 1*;
1,8 ; —C(0,
1,8 ; —(0,
01,8 ; —(0,
(1,8 ; —po,
(1,2 ; (0,

1,8 ; —o,
1,­8 ; (0,
1,8 ; (0,
(1, o; + (0,
(1, — (0,
(1, (o,
(1, o,
(1, o,
(1, (o,
CG, o,

(1, Po,
a, o,
(1, (o,
(1, (o,

P (1,
Qua,
R (1,
R (1,
R (1,
R (2,

R (1,
R (1,
R (1,
Q,
R (1,
R (1,
R (1,

1 » |
U

m
r

­
+

.
uu

V
O

O yM
NM

d
IU

I9
3

2
T

IA
T

T
IO

N
Z

D
O

D
O

D
H

O
D

O
D

O
O

D
O

T
O

Z
S

vO
M

W

+
1

O
O)

=»
O

o
s
L

y
p

|

Ex)
= P

l
R

B
N

O
N

U
O

N
A

R
V

E
N

à

»
ms

U J mQ
A

..
|

C
A

E
S

)
a

+

|
a
Ê

A
W

w
W

o
m

n
rN

O
U

b
L

R
N

O
N

O
N

O
N

A
4
A

N
P

E
A

N
O

O
J
P

O
M

+

o
.

&a
N

Ç
O

O
U

N
U

N
rq

[N
O

O
uU

Y
F

O
o
O

V
N

N
U

M
N

H
N

V
O

O
O

N
V

N
R

O
O

N
O

A
L

A
W

V
N

O
O

N
t
L

O
L

S
NU

O
N

N
UH

d
A

m
r
q
N

E
P

N
O

N
V

N
O

N
O

S
O

AM
L

&O
NM

D
A

Z
D

U
U

N
D

A
D

A
D

O
R

A
ND

AN
VU

VN
D

W
O

V
O

D
O

[N
A

W
O

V
O

W

E
R

E
e

a
e

O
E

e
mo

m
m

m
m

NO
E

E
NI

E
a

a
a

p
p

e
e

p
p

pl

m
M

>
tN

H
H

L
Z

O
N

N
D

O
L
W

L
R

Â
H

N
D

O
R

D
U

EL
O

S
D

O
E

OR
E

N
O

D
LD

LD
O

0L
D

O
E

O
>S

DsN
N

D
L

D
L

D
L

D
O

D
O

D
s
S

L
D

n
D

N
O

S
N

O
H

M
G

o
b

b
i

LA
IN

H
>S

G
U

L
b

h 288.07329
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288.168 68
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288.25393

288.256 59
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288.28205

288.347 07

288.361 62

288.41098

288.471 18
288.527 54
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288.587 10

288.628 30
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288.739 53
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288.778 31

288.821 04
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288.931 32
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289.28431
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;18) SR
;a7) SR
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;16) SR
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; 14) GR
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;11) SR
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j
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;33) SR
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9) GR
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291.814 44

291.827 84

291.92683

292.024 85

292.18355

292.236 64
292.27247

292.350 83

292.438 30

292.449 32

292.53305

292.56181

292.695 66

292.700 32

292.704 99

292.836 13

292.987 68
293.014 49

293.041 46

293.068 17

293.07671

293.094 07

293.094 07

293.10531

293.120 09

293.145 22

293.169 29

293.19210

293,21377

293.227 29

293.234 33

293.242 57

293.251 55

293.253 37

293.270 69

293.286 37

293.300 38
293.31229
293.322 82

293.337 18

293.354 56

293.463 69

293.51078

293.690 58

293.81635
293.81635
293.834 68

293.851 93

293.928 05

294.051 09

294.19641

294.227 65

294.249 66
294.36315

294.375 80

294.49216

294.661 34

294.693 22
294.708 44

294.77308

294.874 DO

294.892 59

294.980 12

295.11029

295.127 16

295.188 72

295.342 96

295.402 92
295.402 92

295.443 09

295.636 45

295.693 49

295.74575

295.802 44

295.86991

4095

2095

4476

6380

2476

5714

6571

6285

3714

6666

1523

4380

8285

7142

7714

2857

2000

1809

1619

1809

1523

3523

3523

1428

1809

2190

2380

2095

1809

5809

2095

4000

2857

1339

1714

1619

1619

1238
1428

2095

4476

1809

6476

5523
4190

4190
7047

5714

6190

1523

8190
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2190

1619

2000

2285

6190

5809

3238

4285

1714

2571

6857

1714

5619

3047

5714
8380

8380

2380

1619

7904

8095

1619

1714

*11626
*11627

*11628
*11629
*11630

*11631
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297.259 25

297.44520
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298.991 28
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299.31275
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299.514 12
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A
A

N

­

—(1,
—a,
+ o,
—(1,
—(1,
(0,
— (o,
(0,
—(,
—(1,

—(1,
—(,
a,
—­(,
a,
(1,
O,
po,
(O,

—(1,
—(1,
Po,

m
Â

e
N

P
E

p
N

A
O

U
O

N G
O

U
N

V
NV

NN
DN

A
N

O
N

V
O

S
]

V
N

SV
O

O
V

V
E

O
r
N

O
G

N U
A

N
[N

O
0

O
0

O
L

N
V

w
r
w

P
E

N
O
O

N
A

O
O

0O
mM

N
HE

HE
E
m

a
m

ne
(O

L
p

q
[e

m
e

e
m

m
e

QO
E

e
me

e

7) GR
;18) SR
;a7) SR
;17) SP
; 23) SR
; 25) GR
; 28) GR
; 21) GR
; 23) GR

m
C

Ç
IN

M
N

D
sN

>
S

q
U

M
O

G
O

N
D

E
O

N
M

So
b
N

C
L
IN

S
[0

N
>

C
In

b
>

v
W

W
2

D
2

D
N

O
N

W
N

E
L
O

LS
OO

ÂO
NO

ON
O

M
O

N
O

SZ
SD

OA
OM

O
M

O
M

N
W

H
N

O
o

O
N

H
5

E
M

G
E

M
M

M
S

A
D

O

306.416 26

306.564 09

306.731 55

306.790 61

306.807 99

306.998 81

307.130 86

307.158 82

307.205 99

307.230 47

307.25576

307.282 27
307.308 87

307.335 74

307,36272
307.381 80
307,38973

307.403 16

307.415 88
307.441 58

307.466 14

307.489 65

307.51232

307.51232
307.533 85

307.533 85

307.553 14

307.571 07

307.57976
307.587 58

307.602 25

307.61474

307.625 68

307.634 23

307.737 63

307.737 63

308.002 48

308.172 34
308.18871

308.408 30

308.42115

308.475 94

308.604 75

308.837 18

308.917 59

308.930 18

309.000 27

309.218 85

309.287 17

309,354 88

309.521 27

309.585 52

309.78333

310.02240

310.08481

310.13243

310.150 80

310.386 87

310.427 54

310.464 06

310.477 52

310.488 24

310.498 45

310.584 67

310.676 31
310.696 66

310.76274

310.833 42

310.844 46

310.85310

310.91355
310.921 50

310.992 35

311.058 58

311.08105

*11926
*11927
*11928

*11929
*11930

*11931

*11932
*11933

*11934
*11935
*11936
t11937
*11938

*11939
*11940

*11941
*11942
*11943
*11944
*11945
*11946
*11947
*11948
*11949
*11950

*11951
*11952
*11953
*11954
*11955
*11956
*11957
*11958
*11959
*11960

*11961

*11962
*11963
*11964
*11965
*11966
*11967
*11968
*11969
*11970

*11971
*11972
*11973
*11974
*11975
*11976
*11977

*11978
*11979
*11980

*11981
*11982
*11983
*11984
*11985
*11986

*11987

*11988

*11989
*11990

*11991

*11992
*11993
*11994
*11995
*11996
*11997
*11998
*11999
*12000

cm 6 7

Q e,
qe,
Qe,
R (1,
R (1,

R (1,
P (2,
R (1,
R (1,
R (1,
R (2,
R (2,
R (1,
R (1,
R (1,

R (1,
R (1,
P (2,
P (2,
R (1,
R (1,
R O,
R (2,
R (1,
R (1,

R (1,
R (1,
R (1,
Qa,
R (1,
Q,
Qua,

v
o

m
—

n
o
s

o F
r
e

HÁ
Hq

E
N

E
N

H
D

N
H

m
m

rs
bs

pa
o

NI
E

pl
pr

o
pl

N
M

N
e

o
Lx

]

IA
D

O
D

O
O

ZH
O

O
D

O
D

O
D

O
IT

Y
T

H
O

IO
T

IA
IO

D
A

O
ID

O
IJ

O
IO

D
O

IO
IL

A
Q

D
IN

O
D

II
A

V
A

m
A

A
E

a
e

e
e

o

6

6

6

o

2

—­1

2

—1l

N
r
r
u
U

3
D

/
A

a
r
v
L
M

A
O

h
Mm

”
M

I
S

UA
NL

VL
AN

AI
O

NR
A

"2
0
3
0

hR
A

;a
N

V
N

O
­ o

rF
P

O
N

O
L
O

o
o
O

N
Á

O
O

| »
m

a
n

o
s

o
n
o

sa
o

n
o

— (o, ; 10) SP
— (o, ; 9) SR
—(0, ; 8) SR
(0, ;18) SR
— (O, ; 31) SR
— (0, ; 29) SR
—(1, 3 ;14) SR
— (0, ; 20) SR
(0, ; 27) GR
(0, ;14) SR
—(1, ; 21) GR
(1, " 27) GR
(0, ; 22) SR
(0, ; 25) GR
—(0, ; 7) GR
—(0,­2 ;30) SR
— (o, ; 19) SR

. 23) GR
;13) SR
. 28) GR
+ 15) GR
" 28) GR
. 12) GR
. 21) GR
; 23) SR
. 26) GR

8) GR
. 20) GR
;31) SR

6) GR

1
Q

a
L

U
M

U
N

U
O

O
N

E
AM

O
M

O
AL

V
O

O
adO

NS
N

M
A

LU
OU

NU
NM

W
UW

U
O

r
NU

NY
X

2
U

a
A

J
Y

V
U

H
O

U
N

A
R

M
U

O
U

H
I
S

Y
IN

N
O

m
m

N
>2

qt
IIO

R
M

N
N

H
>D

NO
N

D
O

M
G

o
O

E
N

D
>

D
O

S
O

O
0

O
S

O
Co

Sq
m

Nq
M

IN
IM

A
G

D
N

2
L

S
0

N
5

N
2

C
0

L
D

2
0

F
S

O
D

O
2

S
2

D
0

>
2

O
M

D
O

M
>

D
S

N
E

G
>

1
O

2
D

O
O

S
EN

D 311.11931

311.17492

311.22495

311.45451

311.57299

311.618 52

311.63323

311.866 18

311.925 54

311.93323
312.02295
312.167 81

312.171 12

312.36966
312.376 92

312.73473

312.748 96

312.84772
313.240 92

313.38485

313.43474

313.46579

313.566 50

313.62277
313.64251

313.649 94

313.918 00

314.03541

314.12293

314.296 22

314.366 58

314.600 34

314.74675

314.75271

314.82377

314.84212

314.845 17
314.92217

314.931 99

315.037 10

315.108 94

315.11095

315.239 55

315.31508

315.402 30

315.431 56

315.457 42

315.61269

315.78290
315.834 OG

315.94219

316.01111

316.090 72

316.18595

316.22835

316.297 67

316.355 37

316.42523

316.446 46

316.47218
316.57644

316.578 77

316.588 99

316.629 64

316.649 25

316.675 82

316.76374

316.842 86

316.91384
316.977 13

316.995 77

317.033 45

317.083 14

317.12668
317.147 35

13 14 15 16 17 18 19



upper state
K ; 1)” e (n,T (n.

lower state
K

upper state
K; JJ)” — (n,T (n,

lower state
K JJ q

65:10* Int.
fem”! /au.Jem"?

*12001
*12002
*12003
*12004

*12005
*12006
*12007

*12008

*12009
*12010

*12011
12012

*12013

*12014
*12015
*12016
*12017
*12018
*12019
*12020

*12021
*12022
*12023
*12024
*12025

*12026
*12027
*12028
*12029
*12030

*12031
*12032
*12033

*12034
*12035
*12036
*12037

12038

*12039

*12040

*12041
*12042
*12043
*12044
*12045
*12046
*12047
*12048
*12049
*12050

*12051
*12052
*12053
*12054
*12055
*12056
*12057
*12058

12059
*12060

*12061
*12062
*12063
*12064

*12065

*12066

*12067
*12068

*12069
*12070

*12071
*12072
*12073
*12074
*12075

Qua,
Q a,

a,
(1,
(1,
(a.
(1,
(1,
(1,
a,

(1,
(1,
(1,
(1,
(1,
(a.
(1,
(à,
(1,
(1,

a,
a,
e,
a,
a,
(1,
GC,
[O
a,
(1,

(1,
(1,
(1,
(1,
(E
a,
a,
(a,
a,

T
A

D
ID

O
Z

O
D

Q
T

ID
O

A
N

A
N

A
D

A
T

V
A

D
IA

IN
D

IA
ID

T
V

IA
D

A
D

T
O

N
I

ZA
ZH

AZ
DO

DO
D

O
IT

V
O

T
O

D
O

O
O

D
O

O
D

O
Z

IO
D

O
O

T
IO

D
O

D
IO

O
D

IA
D

O
O

D
O

D
O

IN
O

X
W

8) GR
7) GR

; 24) SR
6) GR
9) SR

; 32) SR
; 29) SR
; 30) SR
; 28) SR
; 31) SR

7) GR
; 32) SR
; 26) SR
; 24) SR
;25) SR

Po,
— (0,
o,
— (0,
— (0,
—C((0,
(o,
+ (0,
(o,
—“(0,

— (0,
—(0.
— (o,
(o,
(o,
+(O,
— (0,
—o,
—(0,
— (0,

+ (o,
Fo,
—(1,
fo,
(O,
—Ffío,
(1,
—(0,
—(0,
— (0,

(o,
(o,
(o,
— (0,
—(o,
—(0,
(o,
Po,
o,
—(0,

po,
—(o,
—Po,
Po,
Po,
—(0o,
—Po,
(o,
—((o,
—(1,

—(,
(o,
+ (0,
— (0,
(0,
—(0,
o,
Po,
(0,
(0,

Fo,
—(1,
—(1,
—((0,
—o,
— (0,
—(o,
—(0,
— (0,
—í(o,

—o,
(0,
(o,
oa,
—(1,.

| w
w

a
s

Oo
Oo

nN
y

O
M

O
Ç

T
V

r
R

O
O

0
O

0
Q9

MN
JV

O
O

N
rq

S
N

Y
O

>
u

m
N

H
G

N
s
S

q
E

L
D

D
D

O
0
D

O
O

N
M

>
S

>
n

D
0

2
2

D
O

s
b
h
b
s
>

s
b
2
>

0
H

T
N

>
D

s>
sS

q
[H

O
N

G
H

O
M

O
N

E
M

IN
D

=
D

E
W

M
EN

IN
O

ON
LS

OM
O

M
O

N
O

LS
CE

W
EE

M 317.164 57

317.197 20

317.205 44

317.225 08

317.36726
317,75158

317.813 07

317.81307

317.819 32

317.81932

317.830 74

317.832 57

317.84787
317.858 76

317.86965
317.89595

317.91465

317.926 48

317.960 58

317.997 73

318.037 49

318.039 31

318.044 86

318.079 47

318.12282

318.167 51

318.188 36

318.21270

318.257 96

318.302 87

318.346 90

318.38969

318.430 84

318.469 92

318.478 09

318.506 64

318.53321

318.53401
318.540 57

318.571 47

318.599 17

318.62337

318.668 03

318.895 98

319.031 61

319.12579

319.204 05

319.400 03

319.499 86

319.640 33

319.725 60

320.070 43

320.073 02

320.18278

320.299 43

320.391 67

320.420 26

320.655 34

320.881 89

320.881 89

320.958 37

321.23279

321.26281

321.608 67

321.61285

321.65782
321.691 70

321.939 96

322.094 12

322.10586

322.360 15

322.414 86

322.75423

322.797 88

322.82215

*12076
*12077

*12078
*12079

*12080

*12081
*12082
*12083
*12084

12085
*12086
*12087

*12088

*12089
*12090

*12091
*12092
*12093
*12094

12095
*+12096
*12097

12098
*12099
*12100

*12101
*12102
*12103
*12104
*12105

12106
*12107

12108
*12109

*12110

*12111

*12112
*12113
*12114

*12115
*12116

12117
*12118
*12119
*12120

*12121
*12122
*12123
*12124
*12125
*12126
*12127
*12128
*12129

12130

*12131
*12132
*12133
*12134
*12135
*12136
*12137

*12138
*12139
*12140

*12141

12142
*12143
*12144
*12145
*12146
*12147
*12148
*12149
*12150

II
O

T
O

V
A

D
A

D
O

Q
IO

N
S

O
D

O
N

O
D

U
V

O
Z

D
O

D
O

D
D

O
D

D
O

D
D

O
D

O
D

O
D

D
O

D
O

T
IA

N
M

W
H

Â
O

N
D

N
U

O
N

O

R (1,
R (1,
R (1,
R (1,
R (1,

P 2,
R (1,

Es
=

E
xa

C
RA

NO
M

N
N

N
N

N
N

E
S

P
b

)»
P

N
N

N
D

M
o

N
M

Ex
M

N
NO

N
NO
|

P
R

E
E

H
E

E
H

N
D

P
S

S
S

T
H

O
N

Y
T

a
A

s
S

Is
v
3
0
2

P
E

T
IS

T
A

)
P

P
P

P
P

S
P

D
:

C
N

C
N

)
A

A
A

A
A

a
N

A
a

LX
]

IT
IA

IQ
IA

ID
IA

D
A

D
T

A

”
T

E
S

;15) SR
;15) SR
; 12) SR
;13) SR
; 23) SR
; 16) GR
; 31) GR
; 20) GR

5) GR
; 12) GR
; 28) SR
; 16) GR
;13) SP
;16) SP
;14) SR
; 24) SR
; 32) SR
; 15) GR
;14) SR

1
A

e
o

m
M

m
T

R
a
h

0
a

ab
o
a

(D
o

A
A

A
a

a
a

a
a

a
o

a
A

R
aa

a
A

ah
=

(DO
o
A

O
!

1
1
)

A
r
a

|
U

M
a

vV
A

A
O

N
O

X
O

U
U

M
O

mm
(
O

m
o

U
1

A
e

o
o

a
n

v
u

a
v
v
A

R
NM

(o,
(0,
— (o,
(o,
o,

— (0,
(o,
(1,
(1,
—(o,
— (o,
(o,
(o,
—o,
(o,

— (0,
— (0,
(0,
(1
(1,
(1,
(1,
(1,
—(,

(1
(1
—(
—(,
—(,

3 7,149) SR
3 +;14) GR

V
O

S
S

O
S

W
ou

iu
sw

us
w

is
0
0
4

0
4]

W
ow

w
o

n
w

2
n

s
S

N
AO

NY
y
O

N
Y

U
O

JJ
.

O
.

S
)

U
U

D
V

I
A

W
V

A
N

O
J
U

O
R

| »
U

a
v
a

Q
N

N
V

O
J
V

A

;11) SR
;12) SR
; 22) SR
;anm SR
; 30) SR
;19) SR

6) GR;

;11) SR
;on) GR

>
>

>
b

b
t
D

D
>

D
>

N
>

0
0
O

N
M

2
R

>
»

D
>

D
>

2
D

2
8

E
O

O
O

M
>>

1M
M

2
0

0
S

O
»

N
H

O
N

H
O

W
HH

MO
M

O
M

O
N

IO
N

IO
M

O
D

L
R

>
>

0
D

>
2
0
0
H
2
»

323.148 18

323.15470

323.19461

323.455 27

323.835 00

323.863 92
323.870 29

324.33285

324.409 08

324.429 07
324.650 03

324.689 66
324.691 61

324.699 46

324.966 09

325.306 38

325.324 09

325.61131

325.77252

325.77252
325.776 80

325.779 27

325.788 18
325.788 18

325.800 53

325.806 34

325.814 37

325.829 20

325.833 24

325.844 68

325.859 59
325.870 24

325.87328

325.886 00

325.916 60

325.95283

325.974 38

325.993 12
326.043 53

326.125 24

326.18276
326.21931
326.233 65

326.247 80

326.47274

326.494 67

326.568 47

326.669 55

326.774 88
326.777 56

327.338 10

327.471 07

327.574 56

327.667 83

327.780 52

327.800 59

327.975 08

328.044 47

328.21516

328.240 03
328.507 32

328.983 32

329.046 DO

329.14679

329.15312

329.330 48

329.358 66
329.473 07

329.590 42

329.702 54

329.75561

330.490 16

330.619 77

330.737 20

330.884 03

0.4 6190

0.3 5809

—O.1 7238

0.6 8571

1.1 5333

2285

2666

1619

3047

1428
2666

5809

6761

5428

8380

5428

1619

2095
3619

3619
3333

2952

4571
4571

2857

2571

2761

2476

2476

2571

2000
2285

2285

1523

1619

2380

1714

2000
1809

2190

6761
1714
5333

5428

7904

7619

1714

7523

5428

2761
2476

1714

2380
6761

5333

5047

8095

7238

7809

5047

3619

2000

2380

6380

2571

4571

5047

8190

7238

4380

8000

1523

5904

2857

3809

cm 6 7 14 15 18 19



upper state lower state v sw­10º Int. upper state lower state

T(n, K; J)” = (n, K ; D)* fem"! /em”*? /au. T(n, K; JN) º= (n) K ; J)*

330.922 87 1.5 4095 ||*12226
330.967 08 0.5 8190 ||*12227
331.13274 0.0 7619 ||*12228
331.162 52 .é 3809 ||*12229

331.290 42 7428 ||*12230
331.991 92 .7 2095

332.086 50 .1 6000

332.166 54 .4 3523
332.413 34 .4 3428

332.441 02 .7 4380

337.271 66

337.36478

337.367 26

337.891 03

337.935 49

4; 20) SR (o, 3*+t;19) SR
7;18) SR ço, 6 ;17) SR

—s; 8) SR (0, 4 ; 7) SR
—8: —(0,­7 ;29)SR

6; —(0, 8) SR
— (0, ; 16) SR
— (0, 17) SR
(1, 3) SR
(o, ;12) SR
(0, ; 20) SR

;18) SR
; 20) SR
;28) SR

8) GR
9) GR

;23) SR
;23) SR
; 22) GR
; 22) SR
; 21) GR
: 20) GR
; 19) GR
; 18) GR
;17) SR

5; ;11) SR
6;1 ; 12) SR

—1; ; 9) SR
; 21) GR
; 20) SR
; 22) SR

7) GR
; 32) SR
; 24) SR
; 12) SR
; 24) SR
; 13) GR

8) GR
; 22) SR
; 21) SR
; 23) SR
; 33) SR

8) GR
; 25) SR
; 13) GR
; 114) GR
;25) SR

7) GR
; 23) SR
; 22) SR
; 24) SR
; 34) SR

9) SR
;15) SR
; 26) SR
;14) SR
; 26) SR
; 24) SR

6) SR
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