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�©3õÏ�þfêº�nØ (MQDT) µee, |^�éØõÏ�nØ (RMCT), ©O3È(¢Cq!�
Ä ∆l = −1 �ó44z�A!∆l = +1 �ó44z�A!∆l = ±1 �ó44z�A!� ��A±9Ó��Ä
ó44z�AÚ� ��A�ØÓ�gCqe, XÚ/O�
w7á Li, Na, K, Rb, Cs Ú Fr Ô�p�ËX��U
?, = ns2S1/2, np2P1/2, np2P3/2, nd2D3/2, nd2D5/2, nf2F5/2 Ú nf2F7/2. O�(JL², >f'é�Aéw7á
�f�p�ËU?�K�é�. o�5`, ó44z�A'� ��A­�, 
3ó44z�A¥, ∆l = +1 �ó
44z�A' ∆l = −1 �ó44z�A­�. �éu Na � ns2S1/2,(nd2D3/2,nd2D5/2) p�ËX��U?, Ú Li

� (np2P1/2,np2P3/2) p�ËX��U?, ´� ��A'�­�.

'�c: �éØõÏ�nØ, õÏ�þfº�nØ, w7á, p�ËX�
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1 Ú ó

w7áp�Ë�d÷����f¢Ú��-
u>f�¤, ´;.�a�(��., ��@�U
?^��Û���fgU³ÒUéÐ/£ã. �
´w7á��f¢´k����, Ø´:>Ö, §
�-u>f�mk�p�^, Ì�kü«�A, �
«´4z�A, ,	�«´0B�A. ùü«�A
E¤�²w�J´w7áp�Ë�fU?'�A
��fU?$. 
,��k��¢�y�=w7
á�fÜ©p�ËU?°[(�gS�~, ë�©
z [1,2], ù�y�ØU^Û��fgU³£ã, �
â©z [2] éw7á�f nd p�ËU?°[(�
gS�ïÄL²: 7L�Ä>f'é�AâU)º
w7á�f nd p�ËU?°[(�gS. �©Ò
´�XÚïÄ>f - >f'é�AéU?�K�.

8 c, ® ² k é õ ' u w 7 á U ? � ï Ä
ó �. n Ø � ¡, o � 5 `, � Ü © © z � ´ O

� 
 � O w 7 á � f � Ü © p � Ë �, " y X
Ú � ï Ä, 
 ' u > f ' é � A é w 7 á � f
p�ËU?K��XÚïÄK��. äN5`,

é w 7 á p � Ë U ? ï Ä ' � � ¡ � ´ Eliav

� < [3], ¦ � | ^ � é 5 Í Ü ì q � {, O �

 Li � 3s2S1/2, np2P1/2,3/2 (n=2,3) Ú 3d2D3/2,

Na � 4s2S1/2, np2P1/2,3/2(n=3,4) Ú 3d2D3/2, K

� 5s2S1/2, np2P1/2,3/2(n=4,5) Ú 3d2D3/2, Rb

� 6s2S1/2, np2P1/2,3/2(n=5,6) Ú 4d2D3/2, Cs

� 7s2S1/2, np2P1/2,3/2(n=6,7) Ú 5d2D3/2, ±9 Fr

� 8s2S1/2, np2P1/2,3/2(n=7,8) Ú 6d2D3/2 �U?,

¦�O��U?Ø���´ 0.2%. 
 Safronova

� < [4] | ^ � é Ø ü > f - u - V > f -
u C q � { O � 
 Na,K,Rb,Cs Ú Fr � Ü © U
?, = Na � ns2S1/2(n=3—6) Ú np2P1/2,3/2(n=3—

6), K � ns2S1/2(n=4—7) Ú np2P1/2,3/2(n=4—7),

Rb � ns2S1/2(n=5—8) Ú np2P1/2,3/2(n=5—8), Cs

� ns2S1/2(n=6—9) Ú np2P1/2,3/2(n=6—9) ±9 Fr
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� ns2S1/2(n=7—10) Ú np2P1/2,3/2(n=7—10). �
¢ � ( J ', ¦ � O � � Na, K, Rb, Cs Ú Fr

� ns2S1/2 X�U?�Ø�©O� 0.04—0.4 cm−1,

5—48 cm−1, 7—42 cm−1, 17—145 cm−1 Ú 16—

114 cm−1; O�� Na, K, Rb, Cs Ú Fr � ns2P1/2

X�U?�Ø�©O� 0.1—0.6 cm−1, 2—4 cm−1,

1—7 cm−1, 9—24 cm−1 Ú 13—29 cm−1. Jaffé�
< [5] |^þfêº��²;nØO�
 Li, Na

Ú K � ns,np,nd Ú nf ��þfêº�, �¢�þ
fêº��', O�� Li �þfêº�Ø�ÊH
�u 0.011,Na �þfêº�Ø�ÊH�u 0.004,

K �þfêº�Ø�ÊH�u 0.145. ¯ëu�
< [6] |^�¢b'é�{O�
 Li �f�>fX
� 1s2nd(n=6,7,8 Ú 9) Ú 1s2nf(n=6,7,8 Ú 9) �U
?, ÙO��U?�¢�U?Ø���3 1 cm−1.

�C Chen �< [7] é Li �p�Ë�U?�
ïÄ,

¦�|^ R Ý
nØ�{Ú�¢\'é�{O�

 Li � 1s2nd2D (n=3—5) Ú 1s2nf2F (n=4—5) �
�U?Úþfêº�, ¦�O��þfêº��
¢�þfêº�����u 1.5×10−4. Safronova

�< [8] Ú Huang[8] �é Fr �U?��
O�:

Safronova �< [8] |^�éØõN�6nØ�{
O�
 Fr � 7s,7p,6d Ú 5f ��U?, �¢�U?
�', U?Ø�� 38—213 cm−1; Huang �< [9] |
^�fÉ�å>f³�.nØ, ÏL[Ü¢�êâ
��
 Fr � np2P 0

1/2(n= 7—50) Ú np2P 0
3/2(n=7—

50) X��p�ËU?, �¢����U?�',

O�� np2P 0
1/2 �U?Ø�ÊH�u 0.25 cm−1,

np2P 0
3/2 �U?Ø�ÊH�u 0.3 cm−1. ¢��¡,

®²k�þ�w7áp�ËU?�ÿþ, Ù¥w
7á Li,Na,K,Rb Ú Cs �¢�êâ®²d{II
[IO�EâïÄ� [10] �
éÐ/o(. 
 Fr

� 2007 c±c�¢�êâKd Sansonetti[11] �

éÐ�o(, �©æ^�¢�êâþ´5gþã©
z [10,11].

� © � 8 � ´ X Ú O � w 7 á � f Li-Fr

� ns2S1/2,np2P1/2,3/2, nd2D3/2,5/2 Ú nf2F5/2,7/2

p � Ë U ?, ­ : ? Ø > f ' é � A é ù 

p � Ë U ? � K �. · � 3 õ Ï � þ f º � n
Ø (MQDT)[12−16] µee, |^�éØõÏ�n
Ø [1,2,17−20], 3È(¢Cq!∆l = −1 �ó44z
�A!∆l = +1 �ó44z�A!∆l = ±1 �ó

44z�AÚ� ��AùÊ«CqeO�w7
áù
p�ËU?.

2 nØ�{

�©´3õÏ�þfº�nØ (MQDT)[12−16]

µee, |^�éØõÏ�nØ [1,2,17−20] O�w
7áp�ËU?. ®²kNõ©z�[0�
õ
Ï�þfêº�nØÚ�éØõÏ�nØ, ùp
·�=���0�. 3õÏ�þfº�nØµe
e, �±^�|;��Ônëê, = MQDT ëê:

��þfêº� µα!=�Ý
 Uiα Úó4�[
Ý
� Dα, éÃ��p�Ë�Ú���A�ëY
�±9g>l��Ú�£ã, ù
 MQDT ëê3
K�NC�Uþ´1wCz�, =¤¢�Ï�A
5. Ï
é,���Ï� α, ��¼�k�Uþ:
� MQDT ëê, Ò�±����Ï�Ã��p�
Ë�Ú���A�ëY��ÔnA5, l
��!
�
O�þ. �éØõÏ�nØØ=�Ä
k�å
Pa|���p�^, 
��Ä
Ã�õ�p�Ë
�Ú�A�ëY���p�^ [1,2,17−20], dd�±
O�k�Uþ:� MQDT ëê, l
3 MQDT µ
ee��,�Ï��Ã�p�Ë��U?.

y3·�{ü0��e�éØõÏ�þfê
º�nØ. �âþf>ÄåÆ, 3¥Õ5�e, �
Ñ Breit �p�^ÚÙ¦p� QED[21−23] ?�, �
���f¥>f¤÷v�).��§. �
¦)õ
>f�fNX�).��§, ·��±rM�îþ
©¤üÜ©, = (vkAO`², þ��fü )

H = H0 + V, (1)

Ù¥

H0 =
∑

i

(cαi · pi + βimc2 + VSCF(ri)) (2)

��éØ5gU|�fM�îþ;

V =
∑

i

(−Ze2

ri
− VSCF(ri)) +

∑
i>j

e2

rij
, (3)

½Â�í{�p�^.

�â Dirac-Slater gU|�{ (Û���Cq),

·��±���f��éØ5gU³ VSCF. 3d
Ä:þ�¦Ñ¤kåPÚëY�ü>fÅ¼ê φa,

Ù¥ a éuåPÚëYÅ¼ê©O�Lþfê nκ

Ú εκ. ±ù|ü>f����Ä¼ê φa, 3�½�
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>füÙe, ²L�é¡z±9·���Äþ
ÍÜ, Ò��EÑ|�Å¼ê Φn 9 Φjε, /¤ N >
fNX�����Ä¼ê. §�÷veª:

H0Ψn = E0
nΨn. (4)

?¿��Uþ���Å¼ê Ψ(E, i) �L«¤

Ψ(E, i) =
∑

n

An(E, i)Φn +
∑

j

∫
εc

Bjε(E, i)Φjεdε,

(5)

eI j L«�>lÏ�, ¤¢Ï�´d�X�p
�Ë�9ëY�|¤, ù
�äkA½�o�Äþ
Ú�¡±9�ÄþÍÜ�ª, �kØÓ�Uþ. �
Ò´`, ,�Ï�¥��X��, Ù�f¢?uA
½G�, -u>f�Äþ±9§��f¢�Äþ�
ÍÜ�ª�½, 
-u>f;�UþØÓ. Uþe
� εc ´TÏ��p�Ë����Ï�?n�ëY
zpp�Ë��©.Uþ; UþÈ©�3·��U
þ�:þ?1. þª¥1��´é�$-u��Ð
m, 1��´é�>lÏ��¦Ú9Ï�SëYz
pp�Ë�ÚëY�¦È©.

�âO��í{�p�^Ý
� Vn,n′ , Vn,jε

Ú Vjε,j′ε′(©O�L©á - ©á�, ©á - ëY�Ú
ëY - ëY��p�^Ý
�), ÏL) Lippmann-

Schwinger È©�§, |^é�zU� K Ý
��
{, �����éØõÏ�nØ�Ônëê µα!
=�Ý
 U

[1,2,17−20]
iα , l§�Ñu, Ò�épp�

Ë�, g>l�9ëY��Ú�?n, l
O�>
f�U?(�.

nþ¤ã, 3 MQDT µee� RMCT nØ, ´
r|��p�^=z�Ï�m��p�^. Ï�
�Kþ´Ã�õ�, 
¢SO�¥�U�Äk�
�Ï�, ÏdO��Ø%¯K�´=
Ï�é¤ï
Ä�p�ËX�U?åÌ��^. Äk·���
Äd>fÚ÷���f¢��>f��p�^, 

Ø�Ä�f¢S�>f��p�^, ùÒ´¤¢
�È(¢Cq. 3È(¢Cq¥, O��Ä�Ï�
´ (ms2mp6)εl (é Li ´ 1s2εl ). Ù¥ (ms2mp6) L
«÷����f¢,εl L«-u>f. 5¿, 3È(
¢Cqe�O�¥, ®²�¹
Ã¡õ�åP�
Ú�'�ëY��m��p�^. �=�ÄÈ(
¢Cq´Ø
�, ¯¢þ�f¢Ú-u>f�m�
p�^¬E¤�f¢�UC, ùÙ¥'�­��k
Ä�4z�A [1,24] Ú� ��A [25]. e¡·�

{�0�ùü«�A�Ônã�9O�¥´XÛ
ÀJÜ·Ï�±�²ùü«�A�. Äk·�0
�Ä�4z�A, ¤¢Ä�4z�A´�-u>f
�7�f¢$Ä�)�>|¦��f¢��Äþ
Cz,|∆l| = 1, 2, · · ·, Ù¥ l ´�f¢��Äþ, Ó
���±�fo�ÄþÚo�¡�Åð, -u>f
�G��u)�A�Cz. Ù¥ |∆l| = 1 ¡�ó
44z�A,|∆l| = 2 ¡�o44z�A��, �
©·���Äó44z�A, 
�´��Ä�f
¢ “mp” 4z��C� s ½ d ;� (é Li, �Ä�
f¢ 1s >f� 2p �4z), ù´duÙ¦Ä�4
z�AéA�U��Uþ�~p, ýÏé·�a,
��p�ËX�K�é�, ~Xé Na, Ù�f¢�
|�´ (2s22p6), �Ä ∆l = +1 �ó44zO�´
3È(¢CqO��Ä�Ï� (2s22p6)εl Ä:þ,

\þÏ� (2s22p53d1)εl′, �daí, �Ä ∆l = −1

�ó44zO�´3È(¢CqO��Ä�Ï
� (2s22p6)εl Ä:þ, \þÏ� (2s22p53s1)εl′′. y
3·�?Ø� ��A [25], ¤¢� ��A´�
-u>f0B��f¢SÜ, du-u>f�¶-
�^, �fØé�f¢¥>f�Úå~f, l
�
f¢¥�>fU
-u��pU?�;�
�±
�f¢��ÄþÚ�¡ØC, =Ìþfê n UC,


�±�f¢Ú-u>f�Äþ±9ÍÜ�ªØ
C. 3�©¥, � ��A��Ä�f¢>f”mp”

��C� p ;� (é Li, ��Ä 1s � 2s �� �
�A), ù´duÙ¦� ��AéA�U��U
þ�~p, ýÏé·�a,��p�ËX�K�
é�, ~Xé Na, Ù�f¢�|�´ (2s22p6), �Ä
� ��A�O�´3È(¢CqO��Ä�Ï
� (2s22p6)εl Ä:þ, \þÏ� (2s22p53p1)εl′′′.

3 (J�?Ø

3õÏ�þfº�nØ (MQDT)[12−16] µe
e, |^�éØõÏ�nØ [1,2,17−20], ·�3È
(¢Cq!∆l = −1 �ó44z�A!∆l = +1

�ó44z�A!∆l = ±1 �ó44z�AÚ
�   � � A ù Ê « C q e O � 
 w 7 á Li-Fr

� Ô � p � Ë X � � U ?, ù Ô � p � Ë X �
´ ns2S1/2, np2P1/2, np2P3/2, nd2D3/2, nd2D5/2,

nf2F5/2 Ú nf2F7/2. ·�òþ¡Ô�p�ËX�
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©�o|: (ns2S1/2), (np2P1/2, np2P3/2), (nd2D3/2,

nd2D5/2) Ú (nf2F5/2, nf2F7/2), z|U�fSêO
\�^S, �g?Ø�«�Aép�ËX��K�.

d¢�U?���þfêº����gO��þ

fêº��� ∆µ = µexpt − µtheo �N
O��°
Ý9�A�AéU?�K�. éw, ∆µ ��C 0,

`²O��¢��ÎÜ, Ïd, �±�â ∆µ 5�
ä=«�AéU?K�'��.

L 1 éuw7á� 10s2S1/2 p�Ë�U?, �Ä ∆l = −1,∆l = +1 ½ ∆l = ±1 �ó44z�AÚ ∆n = +1 �

� ��A�þfêº��È(¢Cq�þfêº��� ∆µ′, ^)ÒSêiL«Ùþ?

Li Na K Rb Cs Fr

∆l=–1 1.4(–3) 3.6(–3) 6.2(–3) 8.4(–3) 1.5(–2)

∆l=+1 1.0(–3) 5.4(–5) 1.6(–2) 1.7(–2) 4.1(–2) 4.9(–2)

∆l=±1 1.3(–3) 1.9(–2) 2.3(–2) 6.4(–2) 4.4(–2)

∆n=+1 3.3(–4) 2.1(–3) 5.3(–3) 5.3(–3) 6.3(–3) 5.2(–3)

∆l=±1

∆l=+1 1.3(–3) 3.2(–3) 2.2(–2) 2.8(–2) 5.9(–2) 5.1(–2)

∆n=+1

3.1 ns2S1/2 ppp���ËËËXXX���

Äk, ·�?Øw7á� ns2S1/2 p�ËX�.

éz�w7á�f, ¢�U?���þfêº��
��gO����þfêº��� ∆µ �Ìþf
ê n �Cz'X�ã 1(a)— ã 6(a). o�`5, �

Ä
 ∆l = −1 �ó44z�A!∆l = +1 �ó4
4z�A!∆l = ±1 �ó44z�A½� ��
A, ÙO��U?þ'È(¢Cq��C¢�ÿþ
�. L 1 ± n = 10 �~, �Ñ�ÄØÓ�A�þf
êº��È(¢Cq��þfêº��� ∆µ′, ½
þ�N�ÄØÓ�AéU?K��§Ý.

ã 1 3ØÓ�gO��w7á Li �f ns2S1/2,np2P1/2,3/2, nd2D3/2,5/2 Ú nf2F5/2,7/2 p�ËX�þfêº��¢��
�� ∆µ=µexpt–µtheo, Ù¥ µexpt �gêâ [10]. ¢%�µ ¥ L« µtheo ÏL FCA ��; ¢%n� N L« µtheo ÏL�Ä�
 ��A��; ¢%��pL« µtheo ÏL�Ä ∆l =+1 �ó44z�A��; �%n� / L« µtheo ÏLÓ��Äó44z
�AÚ� ��A�� (a) ns2S1/2 p�ËX�;(b) np2P1/2,3/2 p�ËX�;(c) nd2D3/2,5/2 p�ËX�;(d) nf2F5/2,7/2 p
�ËX�
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ã 2 3ØÓ�gO��w7á Na �f ns2S1/2,np2P1/2,3/2,nd2D3/2,5/2 Ú nf2F5/2,7/2 p�ËX�þfêº��¢��
�� ∆µ=µexpt–µtheo, Ù¥ µexpt �gêâ [10]. ¢%�µ ¥ L« µtheo ÏL FCA ��; �%n�/ M L« µtheo ÏL�
Ä ∆l=–1 �ó44z�A��; �%�� © L« µtheo ÏL�Ä ∆l=+1 �ó44z�A��; ¢%n�/ N L« µtheo ÏL
Ó��Ä ∆l =–1 Ú ∆l=+1 �ó44z�A��; �%�µ ¤ L« µtheo ÏL�Ä� ��A��; ¢%�n� H L« µtheo

ÏLÓ��Äó44z�AÚ� ��A�� (a)ns2S1/2 p�ËX�;(b)np2P1/2,3/2 p�ËX�; (c)nd2D3/2,5/2 p�ËX
�;(d)nf2F5/2,7/2 p�ËX�

äN/`, é Li �f, �¢���C�g,´
Ó��Äó44z�AÚ� ��A�(J. ·�
'%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A
¥=«�AéU?K���. Xã 1(a) ¤«, ¢�
U?���þfêº��nØO��þfêº�
�� ∆µ ÊH�u 0.01. �'È(¢CqO�, é
U?K����´ ∆l = +1 �ó44z�A, 5
¿ Li vk�éA� ∆l = – 1 �ó44z�A (Li

��f¢>f´ 1s,l= 0), 
� ��AéU?Ñk
K�. XL 1 ¥�êâ¤«, Uì ∆µ′ ���^S
ü�, �Ä ∆l = + 1 �ó44z�AÚ� ��A
� 10s2S1/2 � ∆µ′ ©O� 1.0×10−3 Ú 3.3× 10−4.

5¿ã 1(a) ¥w«¢�U?���þfêº
��nØO��þfêº��� ∆µ 3 n=10 k
aC, aCÌÝ� 0.01. ù´du¢�þfêº�
3 n=10 kaCÚå�. 
¢�þfêº�Ñya
C��Ï�U�¢�ÿþU?�°Ýk'. ¯¢
þ n=10 �¢�U?°Ýª 1 cm−1, Ù¦�C��
¢�U?°Ý� 0.1 cm−1, Ïdù��aC´�±

n)�.

y3·�5©Û Na, �¢���C�g,´
Ó��Äó44z�AÚ� ��A�(J. ·�
'%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A
¥=«�AéU?K���. Xã 2(a) «, ¢�U
?���þfêº��nØO��þfêº��
� ∆µ ÊH�u 0.04. �Ä
� ��A�nØ
O���C¢�, Ùg´�Ä
 ∆l=±1 �ó44
z�A�O�, 
�Ä ∆l=+1 �ó44z�A�
(J�È(¢Cq�(J�C, `²ó44z�A
å�^�´ ∆l=–1 �ó44z�A, ùÚ Li �f
�/éØÓ. XL 1 ¥�êâ¤«, Uì ∆µ′ ��
�^Sü�, �Ä� ��A!∆l=±1 �ó44z
�A!∆l=–1 �ó44z�AÚ ∆l=+1 �ó44
z�A� 10s2S1/2 � ∆µ′ ©O� 2.1× 10−3,1.3×
10−3,1.4× 10−3 Ú 5.4× 10−5.

'u K ��/, Xã 3(a) ¤«, ¢�U?��
�þfêº��nØO��þfêº��� ∆µ

ÊH�u 0.08. �Ä
 ∆l=± 1 �ó44z�A�
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O���C¢��, ¢���þfêº��nØO
������ 0.056; Ùg´�Ä
 ∆l=+1 �ó4
4z�A; 
�Ä
 ∆l=–1 �ó44z�A��Ä

� ��A�O�é�CÈ(¢Cq�(J, `
²ùü«�AéU?K�é�. XL 1 ¥�êâ¤
«, Uì ∆µ′ ���^Sü�, �Ä ∆l=±1 �ó4
4z�A!∆l=+1 �ó44z�A!� ��A
Ú ∆l=–1 �ó44z�A� 10s2S1/2 � ∆µ′ ©O
� 1.9×10−2,1.6×10−2,5.3× 10−3 Ú 3.6×10−3.

y3?Ø Rb �f, �¢���C�g,´Ó
��Äó44z�AÚ� ��A�(J. ·�
'%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A
¥=«�AéU?K���. Xã 4(a) ¤«, ¢
�U?���þfêº��nØO��þfê
º��� ∆µ 3 0.065—0.1 �m. Ú K � ns2S1/2

�/aq, �Ä
 ∆l=±1 �ó44z�A�O�
��C¢��; Ùg´�Ä ∆l=+1 �ó44z�
A; 
�Ä
 ∆l=–1 �ó44z�A��Ä
�
 ��A�O�é�CÈ(¢Cq�(J, `²
ùü«�AéU?K�é�. XL 1 ¥�êâ
¤«, Uì ∆µ′ ���^Sü�, �Ä ∆l=±1 �
ó44z�A!∆l=+1 �ó44z�A!∆l=–

1 � ó 4 4 z � A Ú �   � � A � 10s2S1/2

� ∆µ′ ©O� 2.8×10−2,2.3×10−2,1.7×10−2,6.2×
10−3 Ú 5.3×10−3.

'u Cs ��/, �¢���C�g,´Ó
��Äó44z�AÚ� ��A�(J. ·�
'%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��
A¥=«�AéU?K���. �ã 5(a), ¢�U
?���þfêº��nØO��þfêº�
�� ∆µ 3 0.01—0.13 �m. aq K Ú Rb ��
/, �Ä
 ∆l=±1 �ó44z�A�O���C
¢��; Ùg´�Ä
 ∆l=+1 �ó44z�A;


�Ä
 ∆l = −1 �ó44z�A��Ä
�
 ��A�O�é�CÈ(¢Cq�(J, `²
ùü«�AéU?K�é�. XL 1 ¥�êâ
¤«, Uì ∆µ′ ���^Sü�, �Ä ∆l=±1 �
ó44z�A!∆l=+1 �ó44z�A!∆l =

−1 � ó 4 4 z � A Ú �   � � A � 10s2S1/2

� ∆µ′ ©O� 5.9×10−2,6.4×10−2,4.1×10−2,8.4×
10−3 Ú 6.3×10−3.

��·�?Ø Fr � ns2S1/2 �/, Xã 6(a) ¤

«, Ìþfê n '���, �Ä ∆l=±1 �ó44z
�A�O�$�'�Ä
 ∆l=±1 ó44z�A�
(J±9Ó��Äó44z�AÚ� ��A�
(JÑÐ, ù�UªÏ�O�Ï��õ, O�Ø�
��O\. ·�'%�´ ∆l=±1,∆l = −1 �4z
�AÚ� ��A¥=«�AéU?K���. X
ã 6(a) ¤«, ¢�U?���þfêº��nØO
��þfêº��� ∆µ 3 0.06—0.14 �m. �Ä

 ∆l=±1 Ú ∆l=+1 �ó44z�A�O���C
¢��. � K,Rb Ú Cs ØÓ�´, �Ä
 ∆l = −1

�ó44z�A�O�'È(¢CqO�k²w
Uõ, 
� ��A, aq K,Rb Ú Cs, ÙO�(J
é�CÈ(¢Cq�(J, `²� ��AéU
?K�é�. XL 1 ¥�êâ¤«, Uì ∆µ′ �
��^Sü�, Ó��Äó44z�AÚ� �
�A!�Ä ∆l=±1 �ó44z�A!∆l=+1 �ó
44z�A!∆l=–1 �ó44z�AÚ� ��
A� 10s2S1/2 � ∆µ′ ©O� 5.1×10−2, 4.4×10−2,

4.9×10−2, 1.5×10−2 Ú 5.2×10−3.

o�`5, éw7á ns2S1/2 p�ËX�, Ó�
�Äó44z�AÚ� ��A�(J�¢��
�C. Ø Na ´� ��AéU?K���	, éÙ
¦w7á, � ��AéU?K�é�, ó44z
�AéU?K���. 
éó44z�A��z¥,

é Na, ó44z�A¥å�^�Ì�´ ∆l=–1 �
ó44z�A,∆l=+1 �ó44z�AéU?A�
vkK�; 
é Na,K,Rb,Cs Ú Fr, ∆l=+1 �ó44
z�A��z²w�u ∆l=–1 �ó44z�A�
�z.

3.2 (np2P1/2,np2P3/2) ppp���ËËËXXX���

Ùg, ·�?Øw7á� (np2P1/2,np2P3/2)

p�ËX�. éz�w7á�f, ¢�U?��
�þfêº����gO����þfêº�
�� ∆µ �Ìþfê n �Cz'X�ã 1(b)—

ã 6(b). o�`5, é,�w7á, ��gO�
é np2P1/2 Ú np2P3/2 �K�´aq�. 
��Ä

 ∆l=–1 �ó44z�A!∆l=+1 �ó44z�
A!∆l=±1 �ó44z�A½� ��A, ÙO
��U?þ'È(¢Cq��C¢�ÿþ�. L 2

± n=10 �~, �Ñ�ÄØÓ�A�þfêº��
È(¢Cq��þfêº��� ∆µ′, ½ þ� N�

023104-6



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 2 (2012) 023104

Ä Ø Ó � A é U ? K � � § Ý. e ¡ · � U �
f S ê 4 O g S Å � ? Ø � « � A é w 7 á
� (np2P1/2,np2P3/2) p�ËX�U?�K�.

·�Äk?Ø Li �f, �¢���C�g,
´Ó��Äó44z�AÚ� ��A�(J.

·�'%�´ ∆l=±1,∆l=–1 �4z�AÚ� 
��A¥=«�AéU?K���. Xã 1(b) ¤
«, ¢�U?���þfêº��nØO��þ
fêº��� ∆µ 3 0.012—0.032 �m. �'È
(¢CqO�, éU?K����´� ��A,


 ∆l=+1 �ó44z�AéU?ÑkK�, 5¿ Li

vk�éA� ∆l=–1 �ó44z�A (Li ��f
¢>f´ 1s,l=0). XL 2 ¥�êâ¤«, Uì ∆µ′

���^Sü�, �Ä� ��AÚ ∆l=+1 �ó
44z�A� (10p2P1/2, 10p2P3/2) � ∆µ′ ©O
� (2.4× 10−3, 2.3× 10−3), (1.9× 10−3, 1.9× 10−3)

Ú (7.9 × 10−4, 7.3 × 10−4).

5¿ã 1(b) ¥w«¢�U?���þfêº
��nØO��þfêº��� ∆µ 3 n=11 k
aC, aCÌÝ� 0.02. ù´du¢�þfêº
�3 n=11 kaCÚå�. 
¢�þfêº�Ñ
yaC��Ï�U�¢�ÿþ?�°Ýk'. ¯
¢þ n=11 �¢�U?°Ý´ 0.1 cm−1, Ù¦�C
��¢�U?°Ý� 0.01 cm−1, Ïdù��aC
ª�±n)�. ã 1(b) � n=8 �?��aC, a

CÌÝ� 0.002, �´du¢�ÿþ�þfêº�
��aCÚå�, ù�Uduk��¢�ÿþ°
ÝÚå�.

y3·�5©Û Na, �¢���C�g,´
Ó��Äó44z�AÚ� ��A�(J. ·
�'%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��
A¥=«�AéU?K���. Xã 2(b) ¤«, ¢
�U?���þfêº��nØO��þfêº
��� ∆µ 3 0.022—0.033 �m. Ø
�Þ� n=3,

�Ä
 ∆l=±1 Ú ∆l=–1 �ó44z�A�O�(
JÄ��Ó, 
���C¢��, =�éÈ(¢C
q(J, þfêº�Cz��, Cz
� 0.005. ù
`²ó44z�A¥å�^�´ ∆l=–1 �ó44
z�A, ¯¢þ, Xã 2(b) ¤«, �Ä
 ∆l=+1 �
ó44z�A�O�, Ø
�Þ� n=3 	, Ù¦�
ÚÈ(¢Cq(JÄ��Ó, ù`² ∆l=+1 �ó
44z�A�=é�Þ� n=3 k�²w�K�.

�Ä
� ��A�O�, 'È(¢Cq�(J
ÑkUõ. XL 2 ¥�êâ¤«, Uì ∆µ′ ��
�^Sü�, �Ä ∆l=±1 �ó44z�A!∆l =

−1 �ó44z�A!� ��AÚ ∆l=+1 �
ó 4 4 z � A � (10p2P1/2,10p2P3/2) � ∆µ′ ©
O � (5.2 × 10−3, 5.5 × 10−3),(4.2 × 10−3, 4.5 ×
10−3),(4.4×10−3, 4.6×10−3),(7.6×10−4, 7.5×10−4)

Ú (1.2 × 10−4, 1.2 × 10−4).

L 2 éuw7á� 10p2P1/2 Ú 10p2P3/2 �p�Ë�U?, �Ä ∆l=–1,∆l=+1 ½ ∆l=±1 �ó44z�AÚ ∆n=+1 �

� ��A�þfêº��È(¢Cq�þfêº��� ∆µ′, ^)ÒSêiL«Ùþ?

Li Na K Rb Cs Fr

∆l=–1
10p2P1/2 4.4(–3) 1.2(–2) 1.5(–2) 1.9(–2) 2.6(–2)

10p2P3/2 4.6(–3) 1.2(–2) 1.4(–2) 1.8(–2) 2.1(–2)

∆l=+1
10p2P1/2 7.9(–4) 1.2(–4) 1.6(–2) 1.7(–2) 3.9(–2) 3.6(–2)

10p2P3/2 7.3(–4) 1.2(–4) 1.5(–2) 1.6(–2) 3.7(–2) 2.8(–2)

∆l=±1
10p2P1/2 4.2(–3) 2.4(–2) 2.7(–2) 4.9(–2) 5.1(–2)

10p2P3/2 4.5(–3) 2.4(–2) 2.6(–2) 4.7(–2) 4.3(–2)

∆n=+1
10p2P1/2 1.9(–3) 7.6(–4) 1.7(–3) 1.9(–3) 2.5(–3) 3.8(–3)

10p2P3/2 1.9(–3) 7.5(–4) 1.7(–3) 1.8(–3) 2.2(–3) 2.8(–3)

∆l=±1 10p2P1/2 2.4(–3) 5.2(–3) 2.5(–2) 2.9(–2) 4.9(–2) 5.5(–2)

(∆l=±1),

∆n=+1 10p2P3/2 2.3(–3) 5.5(–3) 2.5(–2) 2.8(–2) 4.6(–2) 4.6(–2)
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ã 3 3ØÓ�gO��w7á K �f ns2S1/2,np2P1/2,3/2,nd2D3/2,5/2 Ú nf2F5/2,7/2 p�ËX�þfêº��¢��
�� ∆µ=µexpt–µtheo, Ù¥ µexpt �gêâ [10]. ¢%�µ ¥ L« µtheo ÏL FCA ��; �%n�/ M L« µtheo ÏL�
Ä ∆l=-1 �ó44z�A��; �%�� © L« µtheo ÏL�Ä ∆l=+1 �ó44z�A��; ¢%n�/ N L« µtheo ÏL
Ó��Ä ∆l=–1 Ú ∆l=+1 �ó44z�A��; �%�µ ¤ L« µtheo ÏL�Ä� ��A��; ¢%�n� H L« µtheo

ÏLÓ��Äó44z�AÚ� ��A�� (a)ns2S1/2 p�ËX�;(b)np2P1/2,3/2 p�ËX�; (c)nd2D3/2,5/2 p�ËX
�;(d)nf2F5/2,7/2 p�ËX�

éu K ��/, �¢���C�g,´Ó
� � Ä ó 4 4 z � A Ú �   � � A � ( J. ·
�'%�´ ∆l=±1,∆l=–1 �4z�AÚ� �
�A¥=«�AéU?K���. Xã 3(b) ¤
«, ¢ � U ? ��� þ f ê º � � n Ø O � �
þfêº��� ∆µ 3 0.032—0.072 �m. �Ä

 ∆l=±1 � ó 4 4 z � A � O � � � C ¢ �
�, O��þfêº��¢������ 0.032;


 ∆l=+1 �ó44z�A� ∆l=– 1 �ó44z
�Aéó44z�A��zC��Ó, �Ä ∆l=+1

�ó44z�A�zÑ�, cÙé�Þ� n=4.

� Ä 
 �   � � A � O � � ' � È ( ¢ C q
�(J, A�vkUõ, ù`²� ��AéU
? K � é �. X L 2 ¥ � ê â ¤ «, U ì ∆µ′

� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!∆l=–1 �ó44z
�AÚ� ��A� (10p2P1/2,10p2P3/2) � ∆µ′

©O� (2.5 × 10−2, 2.5 × 10−2),(2.4 × 10−2, 2.4 ×
10−2),(1.6×10−2, 1.5×10−2),(1.2×10−2, 1.2×10−2)

Ú (1.7 × 10−3, 1.7 × 10−3).

y 3 ? Ø Rb � f, � ¢ � � � C � g ,
´ Ó � � Ä ó 4 4 z � A Ú �   � � A � (
J. · � ' % � ´ ∆l=±1,∆l=–1 � 4 z � A Ú
�   � � A ¥ = « � A é U ? K � � �. X
ã 4(b) ¤«, ¢�U?���þfêº��n
Ø O � � þ f ê º � � � ∆µ 3 0.032—0.087

� m. Ú K � (np2P1/2,np2P3/2) � / a q, ó
44z�AéU?K���, Ù¥ ∆l=+1 �ó
4 4 z � A � � z � ´ Ñ � u ∆l=–1 � ó 4
4 z � A � � z, � é � Þ � n=5,∆l=+1 � ó
4 4 z � A K � w Í. 
 �   � � A é U ? A
� v k K �. X L 2 ¥ � ê â ¤ «, U ì ∆µ′

� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!∆l=–1 �ó44z
�AÚ� ��A� (10p2P1/2,10p2P3/2) � ∆µ′

©O� (2.9 × 10−2, 2.8 × 10−2),(2.7 × 10−2, 2.6 ×
10−2),(1.7×10−2, 1.6×10−2),(1.5×10−2, 1.4×10−2)

Ú (1.9 × 10−3, 1.8 × 10−3).
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y3?Ø Cs �f, �¢���C�g,´
Ó��Äó44z�AÚ� ��A�(J. ·
�'%�´ ∆l=±1,∆l=–1 �4z�AÚ� �
�A¥=«�AéU?K���. Xã 5(b) ¤
«, ¢ � U ? ��� þ f ê º � � n Ø O � �
þ f ê º � � � ∆µ 3 0.02—0.11 � m. ó 4
4 z � A é U ? K � � w Í, �   � � A é U
? K � é �, ù � K Ú Rb � � / a q. � Ø
Ó�´, é Cs,∆l=+1 �ó44z�AéU?�
K � ² w � u ∆l=–1 � ó 4 4 z � A, c Ù ´
é�Þ� n=6. XL 2 ¥�êâ¤«, Uì ∆µ′

� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!∆l=–1 �ó44z
�AÚ� ��A� (10p2P1/2,10p2P3/2) � ∆µ′

©O� (4.9 × 10−2, 4.6 × 10−2),(4.9 × 10−2, 4.7 ×
10−2),(3.9×10−2, 3.7×10−2),(1.9×10−2, 1.8×10−2)

Ú (2.5 × 10−3, 2.2 × 10−3).

��·�?Ø Fr � (np2P1/2,np2P3/2) �¹,

�¢���C�g,´Ó��Äó44z�AÚ
� ��A�(J. ·�'%�´ ∆l=±1,∆l=–

1 � 4 z � A Ú �   � � A ¥ = « � A é U
? K � � �. X ã 6(b) ¤ «, ¢ � U ? � � �
þfêº��nØO��þfêº��� ∆µ

3 0.032—0.14 �m. � K Ú Rb ��/aq, ó
44z�AéU?K���, Ù¥ ∆l=+1 �ó
4 4 z � A � � z � ´ Ñ � u ∆l=–1 � ó 4
4z�A��z, �é�Þ� n=7, ∆l=+1 �ó
4 4 z � A K � w Í. 
 �   � � A é U ? A
� v k K �. X L 2 ¥ � ê â ¤ «, U ì ∆µ′

� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!∆l=–1 �ó44z
�AÚ� ��A� (10p2P1/2,10p2P3/2) � ∆µ′

©O� (5.5 × 10−2, 4.6 × 10−2),(5.1 × 10−2, 4.3 ×
10−2),(3.6×10−2, 2.8×10−2),(2.6×10−2, 2.1×10−2)

Ú (3.8 × 10−3, 2.8 × 10−3).

o�`5, éw7á (np2P1/2,np2P3/2) p�Ë
X�, Ø Li ´� ��AéU?K���	, éÙ
¦w7á, � ��AéU?K�é�, ó44z
�AéU?K���. 
éó44z�A��z¥,

é Na, ó44z�A¥å�^�Ì�´ ∆l=–1 �
ó44z�A,∆l=+1 �ó44z�AéU?A�
vkK�; 
é K,Rb Ú Fr,∆l=+1 �ó44z�A

��z�´Ñ�u ∆l=–1 �ó44z�A��z;

é Cs,∆l=+1 �ó44z�AéU?�K�²w�
u ∆l=–1 �ó44z�A. k��´, Ø
 Li, �é
Ù§�, ∆l=+1 �ó44z�Aé�Þ�kwÍ�
K�.

3.3 nd2D3/2,nd2D5/2) ppp���ËËËXXX���

y3·�?Øw7á� (nd2D3/2,nd2D5/2) p
�ËX�. éz�w7á�f, ¢�U?���þ
fêº����gO����þfêº��� ∆µ

�Ìþfê n �Cz'X�ã 1(c)— ã 6(c). o�
`5, é,�w7á��, ��gO�é nd2D3/2

Ú nd2D5/2 �K�´aq�. 
��Ä
 ∆l=–1 �
ó44z�A!∆l=+1 �ó44z�A!∆l=±1

�ó44z�A½� ��A, ÙO��U?þ'
È(¢Cq��C¢�ÿþ�. L 3 ± n=10 �~,

�Ñ�ÄØÓ�A�þfêº��È(¢Cq�
�þfêº��� ∆µ′, ½þ�N�ÄØÓ�Aé
U?K��§Ý. e¡·�U�fSê4OgSÅ
�?Ø�«�Aéw7á� (10d2D3/2,10d2D5/2)

p�ËX�U?�K�.

·�Äk?Ø Li �f, �¢���C�g,
´Ó��Äó44z�AÚ� ��A�(J.

·�'%�´ ∆l=±1,∆l=–1 �4z�AÚ� �
�A¥=«�AéU?K���. Xã 1(c) ¤«,

¢�U?���þfêº��nØO��þfê
º��� ∆µ ���u 0.003, �Ä
 ∆l=±1 �ó
44z�AéU?K���, 
�Ä
� ��
A�O��'�È(¢Cq�(J, A�vkU
õ, ù`²� ��AéU?K�é�. 5¿ Li

vk�éA� ∆l=–1 �ó44z�A (Li ��f
¢>f´ 1s,l=0). XL 3 ¥�êâ¤«, Uì ∆µ′

���^Sü�, �Ä ∆l=+1 �ó44z�AÚ
� ��A� (10d2D3/2,10d2D5/2) � ∆µ′ ©O
� (7.0× 10−4, 7.0× 10−4),(6.4× 10−4, 6.5× 10−4)

Ú (2.8 × 10−5, 2.8 × 10−5).

5¿ã 1(c) ¥w«¢�U?���þfêº
��nØO��þfêº��� ∆µ 3 n=11 k
aC, aCÌÝ� 0.1. ù´du¢�þfêº�
3 n=11 kaCÚå�. 
¢�þfêº�Ñya
C��Ï�U�¢�ÿþU?�°Ýk'. ¯¢
þ n 69 �¢�U?°Ý �� ª 0.1 cm−1,n >9 ±
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��¢�U?°Ý=� 1 cm−1, Ïdù��aCª
�±n)�.

y3·�5©Û Na, �¢���C�g,´
Ó��Äó44z�AÚ� ��A�(J. ·�
'%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A
¥=«�AéU?K���. Xã 2(c) ¤«, ¢�
U?���þfêº��nØO��þfêº�
�� ∆µ 3 0.0038—0.01 �m. � ��AéU?
K���; ó44z�AéU?K���, Ù¥é
ó44z�A�z���´ ∆l=–1 �ó44z�
A,∆l=+1 �ó44z�AA�vk�z. ¯¢þX
ã 2(c) ¤«, �Ä
 ∆l=+1 �ó44z�A�O�
ÚÈ(¢Cq�O�A��Ó, 
�Ä
 ∆l=±1 �
ó44z�A��Ä
 ∆l=–1 �ó44z�A�
O�­�A�­Ü. XL 3 ¥�êâ¤«, Uì ∆µ′

���^Sü�, �Ä� ��A!∆l=±1 �ó
4 4 z � A !∆l=–1 � ó 4 4 z � A Ú ∆l=+1

�ó44z�A� (10d2D3/2,10d2D5/2) � ∆µ′

©O� (3.2 × 10−3, 3.2 × 10−3),(2.7 × 10−3, 2.7 ×

10−3),(5.3×10−4, 5.3×10−4),(4.9×10−4, 4.9×10−4)

Ú (4.1 × 10−5, 4.0 × 10−5).

éu K ��/, �¢���C�g,´Ó
� � Ä ó 4 4 z � A Ú �   � � A � ( J. ·
�'%�´ ∆l=±1,∆l=–1 �4z�AÚ� �
� A ¥ = « � A é U ? K � � �. X ã 3(c) ¤
«, ¢ � U ? ��� þ f ê º � � n Ø O � �
þfêº��� ∆µ 3 0.07—0.2 �m. ó44
z�AéU?�K���, Ù¥éó44z�A
�z���´ ∆l=+1 �ó44z�A,∆l=–1 �
ó44z�AA�vk�z. 
�Ä
� �
�A�O�(J��Ä
 ∆l=+1 �ó44z�
A�(J�C. XL 3 ¥�êâ¤«, Uì ∆µ′

� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!� ��AÚ ∆l=–

1 �ó44z�A� (10d2D3/2,10d2D5/2) � ∆µ′

©O� (3.6 × 10−2, 3.7 × 10−2),(2.7 × 10−2, 2.8 ×
10−2),(2.3×10−2, 2.5×10−2),(1.4×10−2, 1.4×10−2)

Ú (3.5 × 10−3, 3.6 × 10−3).

L 3 éuw7á� 10d2D3/2 Ú 10d2D5/2 �p�Ë�U?, �Ä ∆l=–1,∆l=+1 ½ ∆l=±1 �ó44z�AÚ ∆n=+1 �

� ��A�þfêº��È(¢Cq�þfêº��� ∆µ′, ^)ÒSêiL«Ùþ?

Li Na K Rb Cs Fr

∆l=–1
10d2D3/2 4.9(–4) 3.5(–3) 7.4(–3) 1.2(–2) 2.1(–2)

10d2D5/2 4.9(–4) 3.6(–3) 7.4(–3) 1.1(–2) 1.9(–2)

∆l=+1
10d2D3/2 6.4(–4) 4.1(–5) 2.3(–2) 3.3(–2) 1.9(–1) 8.7(–2)

10d2D5/2 6.5(–4) 4.0(–5) 2.5(–2) 3.3(–2) 2.0(–1) 8.1(–2)

∆l=±1
10d2D3/2 5.3(–4) 2.7(–2) 3.9(–2) 2.1(–1) 1.0(–1)

10d2D5/2 5.3(–4) 2.8(–2) 3.9(–2) 2.1(–1) 9.5(–2)

∆n=+1
10d2D3/2 2.8(–5) 2.7(–3) 1.4(–2) 1.7(–2) 1.9(–2) 2.1(–2)

10d2D5/2 2.8(–5) 2.7(–3) 1.4(–2) 1.7(–2) 1.7(–2) 1.5(–2)

∆l=±1 10d2P3/2 7.0(–4) 3.2(–3) 3.6(–2) 5.1(–2) 2.2(–1) 1.2(–1)

(∆l=±1),

∆n=+1 10d2P5/2 7.0(–4) 3.2(–3) 3.7(–2) 5.0(–2) 2.2(–1) 1.1(–1)

y 3 ? Ø Rb � f, � ¢ � � � C � g ,
´ Ó � � Ä ó 4 4 z � A Ú �   � � A � (
J. · � ' % � ´ ∆l=±1,∆l=–1 � 4 z � A Ú
�   � � A ¥ = « � A é U ? K � � �. X
ã 4(c) ¤«, ¢�U?���þfêº��n
ØO��þfêº��� ∆µ 3 0.1—0.24 �m.

Ú K(nd2D3/2,nd2D5/2) �/aq, ó44z�Aé

U?K���, Ù¥ ∆l = +1 �ó44z�A�
�z²w�u ∆l=–1 �ó44z�A��z. 
�
Ä
� ��A�O�(J0u�Ä
 ∆l=+1

� ó 4 4 z � A � ( J Ú � Ä 
 ∆l = −1 �
ó44z�A�(J�m. 
�Ä
� ��
A � O � ( J � � Ä 
 ∆l=+1 � ó 4 4 z �
A�(J�C. XL 3 ¥�êâ¤«, Uì ∆µ′
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� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!� ��AÚ ∆l=–

1 �ó44z�A� (10d2D3/2,10d2D5/2) � ∆µ′

©O� (5.1 × 10−2, 5.0 × 10−2),(3.9 × 10−2, 3.9 ×
10−2),(3.3×10−2, 3.3×10−2),(1.7×10−2, 1.7×10−2)

Ú (7.4 × 10−3, 7.4 × 10−3).

y3?Ø Cs �f, �¢���C�g,´Ó
��Äó44z�AÚ� ��A�(J. ·�'
%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A¥
=«�AéU?K���. Xã 5(c) ¤«, ¢�U
?���þfêº��nØO��þfêº��
� ∆µ 3 0.04—0.3 �m. ó44z�AéU?K
��wÍ, cÙé n >7 ��, ¢�U?���þf
êº��nØO��þfêº��� ∆µ � 0.05,

ó44z�A¥åÌ��z�´ ∆l=+1 �ó44

z�A, ¯¢þ, Xã 5(c) ¤«, �Ä ∆l=+1 �ó
44z�A(J��Ä ∆l=±1 �ó44z�A�
(J�C, 
�Ä ∆l=–1 �ó44z�A(J�È
(¢Cq�(Jé�C, ù`² ∆l=+1 �ó44z
�Aéó44z�A��z��,∆l=–1 �ó44
z�AéU?A�ÃK�. ,��¡, �Ä
� 
��A�(J='�Ä
 ∆l=–1 �ó44z�A
�(JÑ�C¢�ÿþ�, ù`²� ��AéU
?�K�é�. XL 3 ¥�êâ¤«, Uì ∆µ′

� � � ^ S ü �, � Ä ∆l=±1 � ó 4 4 z �
A!∆l=+1 �ó44z�A!� ��AÚ ∆l=–

1 �ó44z�A (10d2D3/2,10d2D5/2) � ∆µ′ ©
O� (2.2×10−1, 2.2×10−1),(2.1×10−1, 2.1×10−1),

(1.9 × 10−1, 2.0 × 10−1),(1.9 × 10−2, 1.7 × 10−2)

Ú (1.2 × 10−2, 1.1 × 10−2).

ã 4 3ØÓ�gO��w7á Rb �f ns2S1/2,np2P1/2,3/2,nd2D3/2,5/2 Ú nf2F5/2,7/2 p�ËX�þfêº��¢��
�� ∆µ=µexpt–µtheo, Ù¥ µexpt �gêâ [10]. ¢%�µ ¥ L« µtheo ÏL FCA ��; �%n�/ M L« µtheo ÏL�
Ä ∆l=–1 �ó44z�A��; �%�� © L« µtheo ÏL�Ä ∆l=+1 �ó44z�A��; ¢%n�/ N L« µtheo ÏL
Ó��Ä ∆l=–1 Ú ∆l=+1 �ó44z�A��; �%�µ ¤ L« µtheo ÏL�Ä� ��A��; ¢%�n� H L« µtheo

ÏLÓ��Äó44z�AÚ� ��A�� (a)ns2S1/2 p�ËX�;(b)np2P1/2,3/2 p�ËX�; (c)nd2D3/2,5/2 p�ËX
�;(d)nf2F5/2,7/2 p�ËX�
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ã 5 ∆l=–1 � ó 4 4 z � A é U ? � K � = Ñ � u �   � 3 Ø Ó � g O � � w 7 á Cs �
f ns2S1/2,np2P1/2,3/2,nd2D3/2,5/2 Ú nf2F5/2,7/2 p�ËX�þfêº��¢���� ∆µ=µexpt–µtheo, Ù¥ µexpt

�gêâ [10]. ¢%�µ ¥ L« µtheo ÏL FCA ��; �%n�/ M L« µtheo ÏL�Ä ∆l=–1 �ó44z�A��; �%
�� © L« µtheo ÏL�Ä ∆l=+1 �ó44z�A��; ¢%n�/ N L« µtheo ÏLÓ��Ä ∆l=–1 Ú ∆l=+1 �ó44
z�A��; �%�µ ¤ L« µtheo ÏL�Ä� ��A��; ¢%�n� H L« µtheo ÏLÓ��Äó44z�AÚ� 
��A�� (a)ns2S1/2 p�ËX�;(b)np2P1/2,3/2 p�ËX�; (c)nd2D3/2,5/2 p�ËX�;(d)nf2F5/2,7/2 p�ËX�

L 4 éuw7á� 10f2F5/2 Ú 10f2F7/2 �p�Ë�U?, �Ä ∆l = −1,∆l = +1 ½ ∆l = ±1 �ó44z�AÚ ∆n = +1 �

� ��A�þfêº��È(¢Cq�þfêº��� ∆µ′, ^)ÒSêiL«Ùþ?

Li Na K Rb Cs Fr

∆l = −1
10f2F5/2 4.0(–5) 2.8(–4) 6.3(–4) 1.3(–3) 2.8(–3)

10f2F7/2 4.0(–5) 2.8(–4) 6.3(–4) 1.3(–3) 3.0(–3)

∆l = +1
10f2F5/2 1.4(–5) 4.8(–4) 4.0(–3) 6.6(–3) 9.4(–4) 1.4(–2)

10f2F7/2 1.4(–5) 4.8(–4) 3.9(–3) 6.5(–3) 1.4(–3) 1.6(–2)

∆l = ±1
10f2F5/2 4.5(–4) 4.1(–3) 6.8(–3) 1.2(–2) 1.5(–2)

10f2F7/2 4.5(–4) 4.1(–3) 6.8(–3) 1.2(–2) 1.6(–2)

∆n = +1
10f2F5/2 1.1(–7) 1.7(–5) 1.5(–4) 3.1(–4) 9.4(–4) 1.0(–3)

10f2F7/2 1.2(–7) 1.7(–5) 1.5(–4) 3.1(–4) 1.4(–3) 1.2(–3)

∆l=±1 10f2P5/2 4.2(–5) 5.1(–4) 4.2(–3) 7.7(–3) 1.2(–2) 1.6(–2)

(∆l=+1),

∆n=+1 10f2P7/2 4.8(–5) 5.1(–4) 4.2(–3) 7.6(–3) 1.2(–2) 1.7(–2)

5¿ã 5(c) ¥w«¢�U?���þfêº
��nØO��þfêº��� ∆µ 3 n=15 ka
C, aCÌÝ� 0.04, �U´duO�Ø�Úå�.

éu Fr ��/, �¢���C�g,´Ó��
Äó44z�AÚ� ��A�(J. ·�'%�

´ ∆l=±1,∆l=–1 �4z�AÚ� ��A¥=«
�AéU?K���. Xã 6(c) ¤«, ¢�U?�
��þfêº��nØO��þfêº��� ∆µ

3 0.11—0.32 �m. aq K,Rb Ú Cs ��/, ó4
4z�AéU?K��wÍ, ó44z�A¥åÌ
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��z�´ ∆l=+1 �ó44z�A, ∆l=–1 �ó
44z�AéU?�K�Ñ�u� ��A. � 
��AéU?K�é�. XL 3 ¥�êâ¤«, U
ì ∆µ′ ���^Sü�, �Ä ∆l=±1 �ó44z
�A!∆l=+1 �ó44z�A!∆l=–1 �ó44
z�AÚ� ��A (10d2D3/2,10d2D5/2) � ∆µ′

©O� (1.2 × 10−1, 1.1 × 10−2),(1.0 × 10−1, 9.5 ×
10−2),(8.7×10−2, 8.1×10−2),(2.1×10−2, 1.9×10−2)

Ú (2.1 × 10−2, 1.5 × 10−2).

o�`5, éw7á (nd2D3/2,nd2D5/2) p�
ËX�, Ø Na ´� ��AéU?K���	, é
Ù§w7á, � ��AéU?K�é�, ó44
z�AéU?K���. 
éó44z�A��z
¥, ó44z�A¥å�^�Ì�´ ∆l = +1 �ó
44z�A.

3.4 (nf2F5/2,nf2F7/2) ppp���ËËËXXX���

��, ·�?Øw7á� (nf2F5/2, nf2F7/2) p
�ËX�. éz�w7á�f (Ø Fr vk¢�ê
â), ¢�U?���þfêº����gO��
��þfêº��� ∆µ �Ìþfê n �Cz'
X�ã 1(d)— ã 5(d), 5¿8c�vk Fr �ù�
p�ËX��U?¢�êâ. o�`5, é,�w
7á��, ��gO�é nf2F5/2 Ú nf2F7/2 �K
�´aq�. 
��Ä
 ∆l = −1 �ó44z�
A!∆l = +1 �ó44z�A!∆l = ±1 �ó4
4z�A½� ��A, ÙO��U?þ'È(¢
Cq��C¢�ÿþ�. L 4 ± n = 10 �~, �Ñ
�ÄØÓ�A�þfêº��È(¢Cq��þ
fêº��� ∆µ′, ½þ�N�ÄØÓ�AéU?
K��§Ý. aqc¡'uw7á�Ù¦p�ËX
��©Û, e¡·�U�fSê4OgSÅ�?Ø
�«�Aéw7á� (nf2F5/2, nf2F7/2) p�ËX
�U?�K�.

·�Äk?Ø Li �f, Xã 1(d) ¤«, ¢�U
?���þfêº��nØO��þfêº��
� ∆µ 3 -0.004—0 �mCz, �«�AéU?�
K�A���, Ï��kü�¢����U?, Ø
v±`²=«�A�­�, ¤±·�é Li Ø�±
��[�?Ø.

éu Na ��/, �¢���C�g,´Ó�
�Äó44z�AÚ� ��A�(J. ·�'
%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A¥

=«�AéU?K���. Xã 2(d) ¤«, ¢�
U?���þfêº��nØO��þfêº�
�� ∆µ Ñ�u 0.0015. ó44z�AéU?K
��wÍ, Ù¥ ∆l = +1 �ó44z�AéU?
�K�²w�u ∆l = −1 �ó44z�A. 
�
Ä
� ��A�(JéU?�K�Ñ�u�Ä

 ∆l = −1 �ó44z�A, A��È(¢Cq�
(J�Ó. XL 4 ¥�êâ¤«, Uì ∆µ′ ���
^Sü�, �Ä ∆l = +1 �ó44z�A!∆l =

±1 �ó44z�A!∆l = −1 �ó44z�
A Ú �   � � A � (10f2F5/2, 10f2F7/2) � ∆µ′

©O� (5.1 × 10−4, 5.1 × 10−4),(4.8 × 10−4, 4.8 ×
10−4),(4.5×10−4, 4.5×10−4),(4.0×10−5, 4.0×10−5)

Ú (1.7 × 10−5, 1.7 × 10−5).

5¿ã 2(d) ¥w«¢�U?���þfêº
��nØO��þfêº��� ∆µ 3 n=10 ka
C, aCÌÝ� 0.0002, ù´du¢�þfêº�
3 n=10 kaCÚå�. 
¢�þfêº�Ñya
C��Ï�U�¢�ÿþU?�°Ýk'. ¯¢
þ n=10 �¢�U?°Ý´ 0.01 cm−1, Ù n=11 �
C��¢�U?°Ý� 0.001 cm−1, Ïdù��a
Cª�±n)�.

éu K ��/, �¢���C�g,´Ó�
�Äó44z�AÚ� ��A�(J. ·�'
%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A
¥=«�AéU?K���. Xã 3(d) ¤«, ¢
�U?���þfêº��nØO��þfê
º��� ∆µ 3 0.003—0.012 �m. � Na ��
/'�aq, ó44z�AéU?K��wÍ,

Ù ¥ å Ì � � z � ´ ∆l = +1 � ó 4 4 z �
A, 
� ��AéU?�K�' ∆l = −1 �
ó44z�A�(J��, A��È(¢Cq�
(J­Ü, `²� ��AéU?�K���.

XL 4 ¥�êâ¤«, Uì ∆µ′ ���^Sü
�, �Ä ∆l = ±1 �ó44z�A!∆l = +1

� ó 4 4 z � A !∆l = −1 � ó 4 4 z � A
Ú �   � � A � (10f2F5/2, 10f2F7/2) � ∆µ′ ©
O � (4.2 × 10−3, 4.2 × 10−3),(4.1 × 10−3, 4.1 ×
10−3),(4.0×10−3, 3.9×10−3),(2.8×10−4, 2.8×10−4)

Ú (1.5 × 10−4, 1.5 × 10−4).

éu Rb ��/, �¢���C�g,´Ó�
�Äó44z�AÚ� ��A�(J. ·�'%
�´ ∆l=±1,∆l=–1 �4z�AÚ�  �� A¥=
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« � A é U ? K � � �. X ã 4(d) ¤ «, ¢ �
U ? � � � þ f ê º � � n Ø O � � þ f ê
º��� ∆µ 3 0.004—0.014 �m. � Na Ú K

� � / ' � a q, ó 44 z � A é U ? K � �
w Í,∆l = +1 � ó 4 4 z � A é U ? � K �
² w � u ∆l = −1 � ó 4 4 z � A, 
 �  
� � A é U ? � K � ' ∆l = −1 � ó 4 4 z
� A � �, A � � È ( ¢ C q � ( J ­ Ü. X
L 4 ¥ � ê â ¤ «, U ì ∆µ′ � � � ^ S ü
�, �Ä ∆l = ±1 �ó44z�A!∆l = +1

� ó 4 4 z � A !∆l = −1 � ó 4 4 z � A
Ú �   � � A � (10f2F5/2, 10f2F7/2) � ∆µ′ ©
O � (7.7 × 10−3, 7.6 × 10−3),(6.8 × 10−3, 6.8 ×
10−3),(6.6×10−3, 6.5×10−3),(6.3×10−4, 6.3×10−4)

Ú (3.1 × 10−4, 3.1 × 10−4).

éu Cs ��/, �¢���C�g,´Ó�
�Äó44z�AÚ� ��A�(J. ·�'
%�´ ∆l=±1,∆l=–1 �4z�AÚ� ��A
¥=«�AéU?K���. Xã 5(d) ¤«, ¢
�U?���þfêº��nØO��þfêº
��� ∆µ 3 0.07—0.04 �m. �Ä
 ∆l = ±1

�ó44z�A�O���C¢��; ØÓuc
¡ Na,K Ú Rb �/, éó44z�A�z���
´�Ä ∆l = −1 �ó44z�A, � ��A
Ú ∆l = +1 �ó44z�AéU?A�vkK
�. XL 4 ¥�êâ¤«, Uì ∆µ′ ���^Sü
�, �Ä ∆l = ±1 �ó44z�A!∆l = −1

� ó 4 4 z � A !∆l = +1 � ó 4 4 z � A
Ú �   � � A � (10f2F5/2, 10f2F7/2) � ∆µ′ ©
O � (1.2 × 10−2, 1.2 × 10−2),(1.2 × 10−2, 1.2 ×
10−2),(1.3×10−3, 1.3×10−3),(9.4×10−4, 1.4×10−3)

Ú (9.4 × 10−4, 1.4 × 10−3).

� � ? Ø � e Fr � f, d u v k Fr �
f nf2F5/2 Ú nf2F7/2 p�Ë�U?�¢�êâ,

·�=?Ø�È(¢CqO�'�, �«�Aé
U?�½þK�. XL 4 ¥�êâ¤«, Uì ∆µ′

���^Sü�, �Ä ∆l = ±1 �ó44z�
A!∆l = +1 �ó44z�A!∆l = −1 �ó
44z�AÚ� ��A� (10f2F5/2, 10f2F7/2)

� ∆µ′ © O � (1.6 × 10−2, 1.7 × 10−2),(1.5 ×
10−2, 1.6 × 10−2),(1.4 × 10−2, 1.6 × 10−2),(2.8 ×
10−3, 3.0 × 10−3) Ú (1.0 × 10−3, 1.2 × 10−3). d

d·��±íÿ, éu Fr � (10f2F5/2, 10f2F7/2),

ó44z�AéU?�K���, � ��AéU
?A�ÃK�.

o�`5, éw7á (10f2F5/2, 10f2F7/2) p�
ËX�, Ø Li Ú Fr duvk¢�êâ½¢�êâ
é��	, éÙ¦w7á, ó44z�AéU?K
���, � ��AéU?K�é�. 
éó44
z�A��z¥, 
é Na,K Ú Rb,∆l = +1 �ó4
4z�A��z²w�u ∆l = −1 �ó44z�
A��z,∆l = −1 �ó44z�AéU?A�Ã
K�.

4 ( Ø

�©3õÏ�þfêº�nØ (MQDT) µe
e, |^�éØõÏ�nØ (RMCT), ©O3È(¢
Cq!�Ä ∆l = −1 �ó44z�A!∆l = +1

�ó44z�A!∆l = ±1 �ó44z�AÚ
�   � � A � Ø Ó � g C q e, X Ú / O � 

w7á Li,Na,K,Rb,Cs,Fr Ô�p�ËX��U?,

= ns2S1/2, np2P1/2, np2P3/2, nd2D3/2, nd2D5/2,

nf2F5/2 Ú nf2F7/2.

O�(JL², >f'é�Aéw7á�f�
p�ËU?�K�é�, ·��O��Ä>f'é
�A´Ün�, XL 1— L 4 ¤«, �È(¢(J
'�, Ó����p�ËX�,l ��, �ÄÙ¦�A
�þfêº�Cz�� (Ôn�Ï l �, 0B�A
�, >f'é�A�); Ó�p�ËX�, �XØ>Ö
êO\, �ÄÙ¦�Aþfêº��È(¢��É
��.

�©¥, >f'é�A´ÏL�Äó44z�
AÚ� ��A5�²�. ÏL·��ïÄ, ·�
�Ñ(Ø, >f'é�AU?�K�é­�. äN
/, éz��p�ËX�, ·��²=
�AéU
?åÌ��^. Äk, éu ns2S1/2 p�ËX�U
?, Xã 1(a)— ã 6(a) ¤«, ¢�U?���þf
êº��nØO��þfêº��� ∆µ ÊH�
u 0.14, Ø Na ´� ��AéU?K���	, é
Ù¦w7á, � ��AéU?�K�é�, ó4
4z�AéU?���, 
éó44z�A��
z¥, åÌ��^�´ ∆l = +1 �ó44z�A.

Ùg, éu (np2P1/2, n
2P3/2) p � ËX � U?, X
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ã 1(b)— ã 6(b) ¤«, ¢�U?���þfê
º��nØO��þfêº��� ∆µ ÊH�
u 0.1, Ø Li ´� ��AéU?K���	, é
Ù¦w7á, � ��AéU?K�é�, ó4
4z�AéU?K���, 
éó44z�A�
�z¥, åÌ��^�´ ∆l = +1 �ó44z
�A. ,�, éu (nd2D3/2, nd2D5/2) p�ËX�
U?, Xã 1(c)— ã 6(c) ¤«,∆µ ÊH�u 0.3,

Ø Na ´� ��AéU?K���	, éÙ¦
w7á, � ��AéU?K�é�, ó44z
�AéU?K���, 
éó44z�A��z
¥, å�^�Ì�´ ∆l = +1 �ó44z�A; �
�, éu (10f2F5/2, 10f2F7/2) p�ËX�U?, X

ã 1(d)— ã 5(d) ¤«,∆µ ÊH�u 0.03, ó44
z�AéU?K���, � ��AéU?�K
�é�, 
é Na,K Ú Rb,∆l = +1 �ó44z�
A��z²w�u ∆l = −1 �ó44z�A��
z,∆l = −1 �ó44z�AéU?A�ÃK�.

o / 5 `, ó 4 4 z � A ' �   � � A ­
�, 
3ó44z�A¥,∆l = +1 �ó44z
� A ' ∆l = −1 � ó 4 4 z � A ­ �. A Ï
/, éu Na � ns2S1/2 Ú (n2D3/2, n

2D5/2) p�
ËX��U?, ´� ��A'�­�; éu Li

� (n2P1/2, n
2P3/2) p�ËX��U?, �´� 

��A'�­�.

ã 6 3ØÓ�gO��w7á Fr �f ns2S1/2,np2P1/2,3/2,nd2D3/2,5/2 Ú nf2F5/2,7/2 p�ËX�þfêº��¢
���� ∆µ=µexpt–µtheo, Ù¥ µexpt �gêâ [11]. ¢%�µ ¥ L« µtheo ÏL FCA ��; �%n�/ M L« µtheo

ÏL�Ä ∆l=–1 �ó44z�A��; �%�� © L« µtheo ÏL�Ä ∆l=+1 �ó44z�A��; ¢%n�/ N L
« µtheo ÏLÓ��Ä ∆l=–1 Ú ∆l=+1 �ó44z�A��; �%�µ ¤ L« µtheo ÏL�Ä� ��A��; ¢%
�n� H L« µtheo ÏLÓ��Äó44z�AÚ� ��A�� (a)ns2S1/2 p�ËX�;(b)np2P1/2,3/2 p�ËX�;

(c)nd2D3/2,5/2p�ËX�
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Theoretical study of the Rydberg series energy levels
of ns2S1/2,np2P1/2,3/2,nd2D3/2,5/2 and nf2F5/2,7/2

for alkali-metal Li, Na, K, Rb, Cs and Fr∗

Li Xin-Mei Ruan Ya-Ping Zhong Zhi-Ping†

( Collage of Physical Sciences, Graduate University of Chinese Academy of Sciences, Beijing 100049, China )

( Received 17 January 2011; revised manuscript received 8 April 2011 )

Abstract

In the frame work of multi-channel quantum defect theory, the energy levels of Rydberg series of ss2S1/2, np2P1/2, np2P3/2,

nd2D3/2, nd2D5/2, nf2F5/2 and nf2F7/2 of alkali-metal atom are calculated by the relativistic multi-channel theory, in five dif-

ferent approximations, i.e., frozen core approximation, with consideration of ∆l = −1 dipole polarization effect, ∆l = +1 dipole

polarization effect, ∆l = ±1 dipole polarization effect, stretch effect, and both dipole polarization effects and stretch effect, respec-

tively. The present calculations show that electron correlation effect plays an important role in the energy level of Rydberg series.

In summary, dipole polarization effect is more important than the stretch effect, and the ∆l = +1 dipole polarization effect is more

important than ∆l = −1 dipole polarization effect. However, stretch effect is more important for energy levels of both Rydberg series

ns2S1/2,(nd2D3/2,nd2D5/2) of Na, and Rydberg series (np2P1/2,np2P3/2) of Li.

Keywords: relativistic multi-channel theory, multi-channel quantum defect theory, alkali-metal, Rydberg series
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