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                               Abstract

      The effectiye Lande factors of the solar spectral lines in the waveleRgth region 5000-7000A

    are tabulated. As an application of this table, sunspot spectra are analyzed to statistically

    determine the magRetic field strength.

1. Intreduction

    Lande factor is sensitivity of spectral iines to magnetic fields. Zeeman shifts

appear proportionally to magnetic field strength with this factor in simple triplet

line cases. In cases of complicated a{omic transitions many Zeeman components
appear. A single factor which represents averaged ZeemaR shifts proportional to
magnetic field strengths is conveniently defined. After Beckers (l969), this is given

as

                g,ff == (g.+grf)/2 -t- Ag•AJ(J.+J,+1)/4 (1)
where g,,,grf; Lande factors of the upper and lower energy ievels,

     J.,Jif; total angular momenta of the upper and lower energy levels,
     tig = g,, - gr, and

     kJ" Ju ww Jf•

The Zeeman shift, A;.., due to magnetic field strength, B, is assumed to be given as

                         AZ, rm- (ptBZ2/hc)g.ffB (2)
The derivation of the formulae (l) and (2) takes account of only the a-components,

because the Zeeman shift rarely appears in the n-compoRents. The assumption
becomes true in case of the longitudinal magnetic field where the n-components
vanish.

   The effective Lande factors as weil as the shift and the intensity of the Zeeman
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components were first tabulated by Beckers (l969) for possible atomic term
transitions. Later Stenflo aRd Lindegren (l977) listed them for solar Fel lines in

4000-6860A. In this report the effective Lande factors are given for cail the solar

spectral lines with known term transitions in 5000A-7000A. As an application,
they are used to statistically determine the magnetic field strength of sunspots.

2. Table ef Effec{ive Lande Factors

   Table l gives the effective Lande factors. First to third columns are iine
wavelength in A, element, aRd multiplet number from The Solar Spectrum (Moore
et al. 1966). Fourth column gives iower and upper terms of the transition which
are taken from A Multiplet Table of Astrophysical Ifiterest (Moore l959). Effective

Lande factors in fifth column come from the Becker's table (Beckers 1969) for the

transitions in the fourth column. Sixth column shows the lower and upper term
Lande factors (e.g., Condon and Shortley 1935). In the last colurnn, after M'oore
et al. (1966) definition, remark 1 means a blend of two liRes which happen to have

the same wavelength and remark 2 shows blended iines which do not separate in
the solay spectrum.
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Table 1. Effective Lande factors

iiliiig

iil

ID'

illlliiii,iiil

iil

iii

ilii Transition

  3F3-3F3
4PO.5-6Fl.5
  5G4-5F3
2PO.5-2Dl.5
  3F4-3D3
2H4.5-2I5.5
  5F3-5F4
  IP2-3D3
  3F2-5F2
  3P2-5Pi
2Dl.5-2PO.5
  5D4-5P3
4D2.5-6F3.5
2Dl.5-4Dl.5
  3D3-3D3
  7F5-7D5
  3F3-5F3
  5F2-5G3
  3F3-5D3
  5D4-5F5
  3F3-3P3
  5Fl-5F2
2Dl.5-2Di.5
  3F4-5F4
  3F3-3D3
  5Dl-5D2
  5F5-5F5
  6D2-3D3
  5F3-5F3
  5F2-5H3
  5G5-5F4
  5P3-5D4
2D2.5-4D2.5
  3F2-3Pl
  5Fl-5G2
2H5.5-2I6.5
  3F3-3D2
  3F2-5P2
  5F5-5G5
  5F3-5F2
  5F5-5F5
  3Dl-3D2
  3Dl-3F2
6S2.5-6P2.5
  3F2-3F2
  5Dl-7P2
2F3.5-2G4.5
  3F2-5D2
  5F4-5G4
2Pl.5-2D2.5
  3D3-5P3
  ID2-3Pl

EÅífectlve
 g-value

lli11i11iilii

g- value
liIIIlil llliiiiliill

Note

il

l

l

:
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Table 1.(continued)

iiiiill

li
iik

XD"

iiillilliit

ll

ilii

llli Transition

2Pl.5-2Dl.5
  5F3-5H4
  5Dl-5Pl
  5S2-7D3
  3Di-5P2
  3F2-3Dl
  5F3-5G3
  5F2-3Dl
  3D2-3P2
  5G5-3F4
  5F2-5G2
  3Pl-5F2
  5G6-5F5
  5D2-7P3
  3Pl-5D2
  3D2-5F3
  5D3-5F4
  3D2-3F3
  3F2-5Pl
  3F4-7F4
  3?2-3F3
  IH5-IG4
4Dl.5-6F2.5
  3K6-3I7
  ID2-iPl
  ID2-3G3
  3D3-3F3
  5G4-3F3
  iD2-3Y3
2Dl.5-2F2.5
  3F3-3G4
  3F4-3G5
  3F4-3F4
  3F3-3G4
  3P2-5D2
4F3.5-6P3.5
2D2.5-4Dl.5
  3F2-3G3
  3Dl-ID2
  IG4-5D4
  3Pl-3D2
  3PO-3Dl
  5F4-5F5
  3F3-3P2
  3F3-3D2
  3F3-5G2
  5F2-3G3
  5F3-5G3
  5F3-5F2
  3PO-5Fl
  IF3-3G3
  ID2-IPI

e/lEE g- value

iliiiiiii iiiilll:iili

Note

i

i

i

l

g

z

:

:
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Table 1. (contiltued)

ii!llii

/l

'g

ZD

lillli
iii'iil  /l II

liii'

Transition

  3F4-3F3
  3Pl-3D2
4PO.5-6Fl.5
  5F4-5G3
4K7.5-4H6.5
  7F4-7D5
  5F5-5G4
  3F4-3G5
  3F3-3F3
  3D3-3F4
  3Di-3Di
  3Dl-3Pl
  3Dl-3P2
  5D2-7P2
  IF3-IF3
  3P2-3D3
  3F4-5F5
  5F4-5F3
  3F4-3D3
  5F4-5F4
  5S2-7D2
  IPI-ID2
  3D3-3P2
  3H5-3I5
  5Dl-7Dl
  3G4-3G4
  3D2-3D3
  5G5-3H4
  3Pl-5Dl
  5D2-5P2
  5G3-3F2
  3F3-7S3
  3D3-3D3
  5D4-7D3
  5Fl-3Dl
  3D2-3Pl
  3G5-3G5
4F3.5-4F4.5
  3F4-3D3
  5F3-3D2
  3F3-3G4
  5F3-3G4
  3P3-3F4
  5P3-5D3
  3F3-3G3
  5F4-5G4
  5P2-5D3
  3F2-5F2
  5D3-7P3
  3G3-3G3
  7P4-7D3
2Dl.5-2Pl.5

Effeetive
 g-value

lliiliii
li

11i

g- value
iliikli11ii

li

111 lgliiii'
iii

11ii

NoXe

1

2

2

i

:

1

i;l

:
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Table 1.(continued)
   lil

ii

iii'

ID-

ltliiii'li

ill

ii

llli Transltton

  3Dl-3PO
  3F3-5F4
4F2.5-4F3.5
  3F4-3G4
  5F2-5F2
2D2.5-2D2.5
  5F4-3D3
  5S2-7Dl
  5F4-3G5
  5F5-5F4
4Fl.5-4F2,5
  5Fl-5Fl
  3F4-3G4
  3F2-3G3
  ID2-5Pl
  5Fl-5G2
  5P2-5Pl
  5F2-5Fl
  ISO-3Dl
  3F4-3G5
  3K5-3I6
  IF3-IG4
  3F2-3D3
4F4.5-4F4.5
  3F4-5G4
  3Pl-3Pl
  3PO-5Dl
  5F3-5ff3
4F3.5-4F3.5
  3D3-3F4
  IG4-3G5
  3F2-3D2
  3Pl-3P2
4F2.5-4F2.5
  5F5-5H6
  3F3-5F4
  5D3-5P3
4Fi.5-4FZ.5
  3F2-3Dl
  3F4-3F4
  5D3-5D4
  IF3-3G3
  3D3-3F3
4I4.5-6H3.5
  5F3-5D2
  IPI-5M
  iD2-5rr2
  5D3-7P2
  5D4-7P4
  3Dl-IPI
2Dl.5-2D2.5
4F2.5-4Fl.5

ellsEE g- value

il1#il liii lll

Note

2

l

2

:

:
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Table 1.(continued)

iiiiiill!•

ii
1iii'ilii

iii

ID-

Iiii

,illiiilliiiili

ii

iiiik

z'/l'

iii'

Transition

  5F2-5F3
  5F2-5G3
4?O.5-6Dl.5
  3D2-3D3
  5P3-5P2
  3F2-3b2
  3F4-5F4
4F3.5-4F2.5
  3D3-3D3
4F4.5-6F3.5
2Dl.5-2Dl.5
4F4.5-4F3 5
  5P!-3F2
  ID2-3F3
  3P2-5D3
  5F5-5G5
  5F2-5M
2D2.5-2Pl.5
  3D2-3F3
  5F2-5F2
  3F3-3F2
2G4.5-4G4.5
  5P3-5D2
  3F3-3D3
  5Fl-5F2
  IH5-M5
  5D4-7D4
  5P2-5D2
2Di.5-2Dl.5
  5D3-7D4
2D2.5-2F2.6
  3F3-3D2
  3F4-3F4
  3Dl-3Pl
  3G5-3F4
  iH5-3G4
4PO.5-6DO.5
4I7.6-4I7.5
4G2.5-4Fi.5
  3F2-3F3
  3F4-7F5
4F3.5-6F2.5
  IH5-II6
  5G2-3F2
  3G3-3F3
  5F2-3D2
  ID2-5F3
  5P4-7P5
4Fl.5-4M.5
  3D2-3D2
  3F2-IPI
  5G3-3F3

eisi.iiiiiEE g- vaXue
iil11iiig

iii

lii, iilliiiii
ili`

iil

Note

z

2

:

l

:

2

2

2

2
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Table 1.(continued)

iiiiiii

iiiE

ID"

i/g//,iiliii

il

il

iili TÅéansition

  5D4-7P3
  5Fl-5Fl
  3F2-3D2
  3K4-3:5
  5F4-5D3
  3D3-3G4
  5F3-5F3
 4F2.5-4F2.5
  5F4-5F5
  5D3-7D2
 2F2.5-2F2.5
  5F3-3D2
 6D4.5-6F5.5
 2G4.5-2G4.5
  3D3-3P2
  3F3-3D3
  3G4-3F4
6LIO.5-6K9.5
  5G5-3K5
 2G3.5-2G4.5
  5Pl-5M
  5F3-3F3
 4F4.5-6F4.5
  3H5-3G4
  5P3-3F3
 2G4.5-4H5.5
  5F5-5G6
  3F2-IPI
 4F2.5-6Fi.5
  iD2-IPI
  5F5-5D4
  3G3-3G4
  5D2-7D2
  7P3-7D2
  7P4-7D4
   3G3-3G3
   iG4-3F3
  3M-3Dl
  5P2-5Dl
  5F3-5G4
  5Fl-5Dl
  3D2-3D2
  5F3-5F4
  5P2-3F3
  5P2-5P2
  3F4-3D3
 4F3.5-6F3.5
  5G4-3F4
  3D2-3F3
 4F3.5-4F3.5
  3F2-3F3
  5F2-5D2

eiiii/iil!gE g- vaiue

iiiiiil
il

iii iiiii11ij

iii

il

Note

2

:

i

2

i

2

:

2

2
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Table 1.(continued)

iiilliiiig

llli /li ID"

iliiii
iiiiiiill

il

iil

iilil Transition

  5F3-3D3
  3D3-5F4
2PO.5-2SO.5
4Pl.5-4DO.5
  IH5-3G5
  5F2-5F3
4Fl.5-6FO.5
  5Fl-6F2
  3F3-3F4
2PO.5-2Dl.5
2Pl.5-2SO 5
4Pl.5-6D2.5
2Dl.5-2D2 5
4F2.5-6F2.5
  ID2-3F2
  ID2-IF3
2G3.5-4H4.5
  3H4-IF3
  5F4-5F5
4D2.5-4Pl.5
  5F2-5M
  5Fl-3D2
2F3.5-2F3.5
4Fl.5-6Fl.5
  5Pl-5DO
  5F5-5F5
  3G4-3F3
  3F3-5D2
  3F3-3H4
4P2.5-4Dl.5
  5F4-5F4
  5"4-7D5
  3G4-3G4
  3PO-3Sl
  3F4-3D3
  iM-5D2
  3G4-3G3
  3F3-5S2
  3F3-7F3
  5F3-3G4
  5D3-7D3
6S2.5-6P3.5
  3F4-3D3
  3F4-3H5
  5D4-5F5
  3F4-3F4
  3F4-5D3
  3Pl-3Sl
  3F2-3F2
  5L9-5K8
  5D2-7Dl
  IF3-5F2

Effective
 g-value

iliiliiiiiii

g- value
iiiilii

iii

iil iiioil oiio
111

lli      -

Note

l
1

1

2

Z2

i
z

2

g
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Table 1.(continued)
  111i

iil

i;

IDny

llliiiiiliiii

ii

iii

il

iii

'i

Transition

2D2.5-2D2.5
  ID2-ID2
  IG4-3F4
  7D4-7D5
  3G3-3G4
  3G5-3F4
  ID2-5N
  3G3-3F2
  3P2-3Sl
  5G5-3G4
  5Y2-5F3
  3D2-3Pl
  7D3-7D4
2G3.5-2G3.5
  5F4-5F5
  ID2-3M
4K7.5-4I6.5
  3D2-3P2
  3F3-3D2
  3H6-3G5
2D2.5-2D2.5
  iPl-iD2
  3Pl-3P2
  7P2-7Dl
2D2.5-2D2.5
2Pl.5-4Dl.5
  7D2-7D3
  7P3-7D3
  5F3-5F4
6L9.5-6K8.5
  3F3-3F3
  3G3-3G3
  5F3-5F4
6F4.5-6F4.5
6F2.5-6F2.5
  3F3-3F3
  5F4-5G5
  5F3-5P2
  3G5-5G4
  3G5-3G5
  3G5-3G4
4G4.5-4F3.5
  ID2-3G3
4G2.5-4Fi.5
  5Fl-5Pl
  5Pl-5P2
  iD2-3G3
  5D2-5D3
  7Di-7D2
  3F2-3F2
  5F2-5F3
  5F3-5D3

eiiisgE g- value

iliiiilili ililiii

Note

z

l
z

:

:

2

1



EFFECTIVELANDEFACTORSOF SOLARSPECTRALLINES 265

Tabie 1.(continued)

liii

iii

:D'

lliiiil    li ili

il

liii1

Transition

  5P3-5P3
  5S2-5Pl
  5D2-7D2
  3G4-5H3
  3Pl-5P2
  3F3-3F3
  5S2-5P2
  IPI-IPI
  3G4-3G4
  5F2-3D3
  5Fl-5F2
  3Dl-3Pl
  5S2-5P3
  5D3-5D2
  3H6-3G5
2D2.5-2Pl.5
  3F4-3F4
4Pl.5-6DO.5
  5F4-5D4
2F3.5-2F3.5
2F3.5-4D3.5
  5P3-5S2
  3P2-3P2
4F4.5-4F4.5
  3PO-3Pi
  3G5-3H4
  3F3-5G4
  3M-5D2
  5P2-5S2
  5P2-5Dl
  3D3-5D3
  3F2-3F2
  5F2-3D2
  5D4-5D3
  3F2-3D3
  3D2-3Pl
2Pl.5-2D2.5
  3F2-3G3
  5K7-5K7
  3F3-3F2
2Pl.5-2Dl.5
  5F2-3F3
  7Dl-7D!
  3P2-5D3
  3Di-3Dl
  3G4-3G3
  3P2-3F2
  5P3-5P2
  5Fl-5Fl
  3Dl-3PO
  5F2-5F2
  7D3-7D3

e11llllgll2gE g- value
lllliilillli lilllililiiliii

Note

l

:l

2

Ii.

i
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Table i.(continued)
   11ij

iili

 /li ID'

lllliiiiiiiiil

Ii

  11i Transition

  5F3-5D3
  5F5-5F5
  5P2-5P2
  3PO-5Dl
  5F3-5F3
  5F4-5F4
  7D5-7D5
  7D4-7D4
  5Dl-7Dl
  5P3-5F2
  IM-3PO
  3G5-5G5
2Di.5-2M.5
  7P2-7D2
  3P2-5D2
  3Y3-3D2
  3Pl-3D2
  5P2-5F2
2Y2.5-2F3.5
  3Pl-5Dl
  5F4-5P3
  5Dl-5DO
  5F4-5D4
4Pl.5-4Dl.5
  5Pl-5F2
  3Pl-3Pl
  iH5-5F4
4F3.5-4F4.5
  7P4-7D5
  5F2-5D2
2H4.5-2H4.5
6L5.5-6I4.5
4G3.5-4F2.5
2G3.6-2F2.5
  3F3-5D3
  3F4-3D3
  ID2-IPI
  5G5-5H5
4F4.5-4F4.5
  3F2-5G3
  5F5-5D4
  5F2-5Fi
  5P2-5Pi
  ISO-IPi
  5Fi-5Di
  3H5-3G4
  5P2-5D3
2H5.5-2H5.5
  IG4-lg5
  5Pl-5Pl
  5G3-3rr4
  IH6-IH5

esEE g- value
liilkilllillii liililliiilii

Note

   l

i

:

il

:
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Table 1.(continued)

iikiii'

'ii'!
lli

ID'

iiil/iiill

iii

ii

igii Transltlon

 7D2-7Di
  5F3-5F4
 5G5-3H6
  IPI-3Sl
  3D3-3D2
  ID2-IPI
  5F4-5D3
4?O.5-4Pl.5
  5D2-7P3
  5F3-5F2
  5DO-5PÅ}
4PO,5-4DO.5
  5Fl-5DO
  3G4-3F4
  3G3-3F3
4M.5-4P2.5
6L8.5-6K7.5
4G2.5-4H3.5
  5DO-7Dl
  5P2-5P3
  5F3-5D2
  5F2-5Dl
  3F4-3F3
  3P2-5Pl
  3Dl-5Fl
  5Dl-5Di
4P3.5-4D3.5
  7D3-7D2
  5Dl-7D2
  7P4-7D5
4G5.5-4F4.5
  5F4-5F5
  5F2-5P2
  5F4-5F3
6S2.5-6F2.5
  3G4-5Y4
4D3.5-4P2.5
  IK5-3G5
2G4.5-2H5.5
  5G4-3N5
  5L7-5K6
  ID2-IF3
 3Pl-3P2
4G4.5-4F4.5
  3G5-5G6
  3Dl-3Pl
2D2.5-2Dl.5
  3Dl-3PO
2Pi.5-4D2.5
 5G6-3g6
 3D3-3D3
  5D2-5D2

elllillitg g- value
lliilsiilliii 11ili111

li

iili

NoÅíe

2

2 2 2

:

i
:

l
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Table 1. (coxxtinued)

iliil

ll'i

ID'

ili'ii

ii Transltion

  5F5-5F4
  3F4-3D3
  IH5-3G4
  5Dl-5Pl
  3D2-3P2
4G2.5-4M.5
  7D4-7D3
  3G3-5H3
  5G5-5G4
  3P2-3Pl
  5Dl-5P2
  3G6-3F4
4G3,5-4F2.5
  5F3-3D3
2G4.5-2F3.5
  7P3-7D4
  5G4-5H4
  ID2-IF3
4G2.5-4Fl.5
2F2.5-2F2.5
  5F5-5P4
  3G3-3F3
  3Dl-6Pl
  3P3-3P2
  3F2-3Dl
  7P3-7D4
2D2.5-2P2.5
  5DO-5Pl
  3PO-3Dl
  7D5-7D4
  5G5-3G5
4F3.5-4F3.5
  3F4-3G3
  7P2-7D3
  3P2-3D3
  IP2-3Si
  3F4-3F4
  7P2-7D2
4G4.5-4F3.5
  7P2-7Dl
4G3.5-4ll4.5
  3H5-3G5
  5G3-3ff4
  3Pl-3B2
  3Dl-5Di
  3F3-3D2
  3SZ-3P2
  3H4-3G3
4F4.5-4F3.5
4F2.5-4F3.5
  3Pl-3D2
  3D3-3P2

elligsEE g- va}ue
liiillllll iiiili

ii

lll

Note

l

il

?

l

:

'i

r



EFFECTIVELANDEFACTORSOF SOLARSPECTRALLINES 269

Wable 1.(continued)

llgllii

11g,l'

llliii

ID'

llliiii
lliii,ill

lg

ii

li

il Trans2tion

4G4.5-4F3.5
  3F2-5D3
  3F3-3G4
  3F3-3F2
  7P2-7D3
  3P2-3D2
  3G4-3F3
  5D3-5D3
6S2.5-6F3.5
  3Dl-5F2
  U6-3G5
  3PO-3Dl
  3F2-3D2
  3G4-3F4
2PO.5-2SO.5
  II6-3!7
  3PO-3Dl
  7P2-7D3
4D3.5-4F3.5
4D2.5-4D2.5
  5P3-3F4
  3G4-5G4
  IG4-IG4
  5F4-3P3
  3Pl-3Dl
  3F3-3F2
  5G6-3G5
  3F2-ID2
  3G5-5F5
4PO.5-4DO.5
  3G5-3ff5
6L7.5-6K6.5
  3P2-3D2
  3F3-3D2
  3D2-5F2
  5G3-5ff3
  3P2-3D3
  5D2-5Pl
  3G3-3F2
  7P3-7D4
  7P3"D3
  5P2-5P2
  M2-IPI
  3D3-5F2
  3Pl-3Dl
  3F4-3G5
  5D2-5P3
4P2.5-4D2.5
  3G5-5H4
  5Dl-5D2
  3D3-3D3
  7P4-7D4

elllllllii!EE g- value
liillllii

lli

lilii lllillliilii
1111

ll

Note

1

l

l

:

:

:

i
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Table i.(continued)

ii

  11ij'1 /li !D-

iililll
iiiiii ili

is Transition

  3Dl-5P2
4P2.5-6P2.5
2Pl.5-2SO.5
  5P3-5D3
  3F2-3F3
4F3.5-4F2.5
  5F3-5P3
  1!6-3I5
4F2.5-4G2.5
4Iill.5-4F2.5
  3PO-3Dl
6K6.5-6X5.5
2Dl.5-2D2 5
2D2.5-2Di.5
4F2.5-2F3.5
  7P3-7D3
  3P2-3D2
  3F3-IF3
4F2.5-4F2.5
2H4.5-2rr3.5
  5G4-3G4
  3D2-5P2
4G5.5-4F4.5
4G3.5-4D2 5
4G4.5-4G4.5
4PO.5-4Dl 5
  3F3-3D3
  3G3-5G3
  iD2-3Pl
  3D3-5F4
  7P2-7D2
  3F4-3G4
6L5.5-6K4.5
  3D3-5P2
  3F4-3Y3
  3G4-3H4
  3P2-3F3
  5L6-5K5
  3P2-5P2
  5F3-3D2
  5D4-5D4
4G5.5-4G5.5
4G3.5-4Y3.5
4F2.5-4H3.5
  3G3-5H4
  IH5-5G4
  5G3-3G3
  3D2-5F3
  5F4-5D3
  7P4-7D5
  3F3-3D3
  7P4-7D4

e!EE g- value
iilil1ijli liil

11i

iii

Note

zl

1

:
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Table 1.(contanued)

iiiliiil

/iii 111ti/ ID'

iiilllii

iii

iiil

lill

ikii

iii

Transition

  7P4-7D3
2K4.5-4!4.5
  5P2-5Fl
4PO.5-4Dl.5
  3F3-5D4
  3D2-3D2
  3F2-3Di
  3F3-3•F4
  3F4-5F3
4G5.5-4H5.5
  3P2-5Pl
  3PO-IPI
  5D4-5P3
4M.5-4Fl.5
4G5.5-4F4.5
4G4.5-4F3.5
2D2.5-2F3 5
4G2.5-4D2.5
4F2.5-4Fl.5
  5F3-3rr4
  3G4-5K3
2G3.5-2G3.5
  5D2-5D3
  7P2-7Dl
  5F2-3Dl
  3F2-3D2
6D4.5-6P3.5
4Fl.5-4DO.5
2G4.5-2G4.5
  IPI-iPl
4G5.5-4H6 5
2Di.5-2PO.5
4G4.5-4H5.5
4G4.5-4F4.5
  7P3-7D2
  7P4-7D3
  5D3-5P2
4P2.5-6Dl.5
  5P3-5F3
4Pl.5-4M.5
4G2.5-4F3.5
4F3.5-4G3.5
  3F2-3F3
4Pl.5-4D2.5
  5D3-5P3
2F2.5-2Dl.5
  ID2-iF3
  3G5-3G4
2D2.5-2Pl.5
2D2.5-2D2.5
2Dl.5-2Dl 5
  3Dl-3M

Effeck ive
 g-value

111iILIiillii
III

iol

g- vaiue
ILIIisllliilii

11ii

ilii ilo:illeiilll,i

llli

ioii

Note

}

z

l

Z2

ll

;

:

z

:
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Table i.(continued)

iliii

'!

ID

iiiliiii'iil ll

Transition

  iF3-IF3
  3G3-3F4
4G5 . 5-4F4 -. 5

  5D4-5D3
  3M-3Dl
2G4.5-2H5.5
4F2.5-4Dl.5
2ff3.5-2D2.5
6K8.5-6Z7.5
  3P2-iPl
  3D2-3D2
4F3.5-4H4.5
6L6.5-6I5.5
  5G3-5F2
  5F4-3F4
2G3.5-2H4.5
4G4.5-4D3.5
  5G2-5H3
  IH5-IG4
  5F2-3F3
  5G3-5H4
  3D2-3F3
2Dl.5-2PO.5
4F4.5-6D4.5
4Pl.5-4D2.5
  5G4-5H5
  5F3-5D2
  3G4-3G3
6K9.5-6K9.5
  3G3-3F4
  IH5-5G5
4F3.5-4D2.5
  3F2-5D3
  ID2-IPI
  3H5-3G4
4P2.5-4Si.5
  IG4-IK5
  IPI-IPI
2Dl.5-2F2.5
4Fl.5-4G2.5
  ID2-5Di
  3G3-3F3
  5G5-5K6
  5P2-5F2
  5F3-5F3
  3D3-5F3
  3P2-ID2
  IG4-3G4
  5D3-5P2
  3D3-5F4
  3Pl-3P2
  3F3-3D3

esgE g- value
iiili iliei

Note

1

g

i

:l

2

\
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Table 1.(contiBued)

iiiiiiiil

iliil1tii3 /111i m
iiilii

iiiii
iill$•

ill

iiiil

iiiiilli Transition

  3PO-3Pl
  3P2-3D2
4P2.5-4D3.5
  5Fl-3F2
  5G3-5G3
  3G3-3F2
  3Pl-3PO
  3G4-3F4
  3Pl-3Pl
  5D3-5D2
  3G5-5F5
4F4.5-4D3.5
  3D3-3F2
  5D3-5D4
4I5.5-4H4.5
6S2.5-8P3.5
  5G2-5Fl
  3F2-5D2
  3P2-5P2
  5F4-5D4
  3G4-3F3
  IX6-3G5
  5G2-5G2
4Pl.5-4S!.5
  5G4-5G4
  3P2-3P2
  5G6-5H6
  5F2-3F2
2H4.5-2I5.5
2G3.5-2F2,5
  iD2-IF3
  3F4-3G5
  3Pl-3P2
  5G5-5G5
  3G4-3H5
  3P2-3Pl
  3G5-5H5
  5F2-5Dl
  3F4-3F3
  5G4-3D3
6D3.5-6P3.5
4P2.5-4P2.5
2Pl.6-2Dl.5
2D2.5-4F2.5
  3F2-5Dl
  5G4-3G5
  3G5-3F4
  5D4-5P3
  3G3-3H4
  iPl-ISO
  3D2-5G2
  3F3-3H4

eil•

/iiisEE g- value
iil11ijiil

iii

iigiiiiigiil

Note

1

1

i

:

l

z

:

1
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Table i.(continued)

ilL

 /ll ID

Felp
 MnI
 Fe II
Fel p
 FeI
 NdII
 FeI
(Till )
Til ?
 MnI
 Crll
Fel p
Nd ll ?

Fel p
rrel p
Fel p
 FeI
Fel ?p

iiill!iliii•

Transition

  3G4-5H4
4PO.5-4Sl.5
4G3 . 5-4D3 .• 5

  3D3-3G3
  3G5-3H6
6K5.5-6I4.5
  5G3-3D2
2D2.5-2F2.5
  3P2-5S2
6D3e5me6P2•5
4Pl.5-4PO.5
  3D3-3G4
6K4.5-6K5.5
  3F4-3F3
  5G6-5G5
  IG4-3G5
  5G6-5H7
  3F4-3F4
  3F2-3F2
  3Pl-3D2
4G4.5-4Y4.5
4F4.5-4G4.5
  3F3-593
  3F2-3M
  3Dl-3D2
  3P2-3P2
  3F3-3G3
  5D2-5Dl
  5F3-5D3
  3G3-5H3
6K7.5-6I6.5
  3DZ-5F2
  3F3-3F4
  3G3-3F3
6S2.5-8P2.5
  5G2-5F2
  5Fi-5DO
  3G4-5G3
  3PO-3bl
  3G5-5G4
  3P2-5P3
  ID2-3D3
  5P3-5S2
  5G5-5G6
  3F4-3H5
  3F2-3G3
  3D2-5F2
  3F2-592
  5G5-5D4
  3G3-3F2
  5D4-5F4
4F4.5-4G5.5

e!EE g- value

iiigiii ii 3liiiill

Note

2

1

2

l

l
l
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Table 1.(continued)

lliiiiii

il

iil

I9'

ii

lli
iiiliiiili

iiiF

 Fe!
 col
 TiI
 MnI
 TiI
 Ce II

Til -
1Fel

 FeI
 YII
 TSI
 FeI

  111iilii Transition

  3G5-3G5
2PO.5-4Fl.5
  3F3-5b2
  3PO-3M
  5G3-5D2
  5F2-5D2
  3F2-3D3
  3Pl-3Pl
  3F3-5D3
  3F2-3F3
  3D2-5G3
4DO.5-4Fl.5
  3F4-3F3
  3F3-3G4
  5D3-5P3
4F4.5-4F4.5
  3D3-5D3
  5G6-5G6
  5FY5Dl
  5P3-5F4
6D2.5-6P3.5
  3F4-5D4
  3Pl-5Pl
  5G2-5G3
  5Pl-5rr2
  IF3-3F4
  3G3-3G3
  3G4-3G4
  3G4-3F3
  3F3-ID2
  5G4-5D3
4F4.5-4G5.5
  IH5-3H4
  5P2-5F3
  ID2-5D2
  IF3-3F3
4I7.5-4H6.5
  M2-3P2
4P2.5-2D2.5
  5G5-5F5
  5G2-5Dl
4Dl.5-4F2.5
  3F3-3G3
6D2.5-6P2.5
  3F3-3D3
4I6.5-4H5.5
  3F3-5D2
  3P2-5Dl
  5D2-5P2
  3Pl-3P2
  3Pl-3PO
  5D3-5D3

elllli/iilEE g- vakue
lliiiiigiii liiilloll'lli

Note

i2

:

:

:
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Table i.(continued)

iiiiis

i''ii 1: XD'
iiliii'

iiii

ITil
Fel p
 Til
 TiI
 Fe!
Fel p
 FeI
 FeI
 rreI
 FeI
 TII
 NiI
Col ?
Fel p
 YII

ii

iiil Transition

  5F5-5G4
  3F4-3G5
  3P2-3Pl
  3Dl-3P2
  3F3-3G4
  5D4-5D4
  ISO-IPI
4D2.5-4F3.5
4G2.5-4F2.5
  3F4-3F4
2D2.5-2Dl.5
4G5.5-4F4.5
  5D2-5D2
  3G5-5F4
  3PO-3Pl
  IF3-3D3
  5Dl-5DO
  3D3-3D3
  5D4-7G4
  3F3-3F3
6D2.5-6Pl.5
  5D2-3Dl
  3F2-3D2
2F3.5-2F3.5
  3Dl-3Si
  5D3-3D2
4P2.5-4D3.5
4D3.5-4F4.5
2F2.5-2F2.5
6K8.5-6K8.5
  3Dl-5Fl
  5G3-5F3
  3D3-5G4
  5D2-5M
  3F3-5D2
2H5.5-2G4.5
  3F3-3F2
  3F2-3F2
  5G2-3D2
  3F4-5D3
  3F4-5D3
  3F2-3D3
  3D2-3Sl
  5D4-3D3
  3P2-5P3
  5Dl-5Di
  3F4-3N5
  3F4-3G4
  3F3-3F3
2D2.5-2D2.5
  5D4-5D3
  3P2-3P2

eliil/lilggE g- value
iiiigll111 iiiillilliiiil

Note

1

     'i

i

:

:

z

1
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Table 1.(cont2nued)

ilii,

Ii'iii
llii'

!p

11igii
lll/1111

iii

ll

il Transition

  5Fl-5D2
  ID2-3D2
4P2.5-6Di.5
  3G4-3G5
  3G3-5F2
  5F3-5D4
4G4.5-4F3.5
4G2.5-4Fl.5
  IH5-iG4
  3G5-5F4
4G5.5-6F4.5
  3G3-5H4
6Dl.5-6P2.5
  5G3-5G4
  5S2-5P3
  5F2-5D3
2H4.5-2G3.5
4G3.5-4F2.5
  3F2-ID2
  IF3-3G4
  3F4-5F5
4P2.5-4Pl.5
  3F4-3G3
  IPI-ISO
4I4.5-4H3.5
  5G4-5F4
  5G3-3D3
  3rr4-3D3
  5D3-5D2
  IPI-ISO
  IG4-5F4
2rr2.5-2G3.5
  3F2-3Dl
  3F3-3D2
  5D2-7Dl
  IF3-3P2
  5D4-5G3
6Dl.5-6Pl.5
  3P2-5P2
  3F3-3F2
  5F4-5G3
2PO.5-4Dl.5
  5G2-5D2
2F3.5-2G4.5
  II6-5G5
  3G4-5H5
  3G4-5F4
  3Pl-3Pl
  3Dl-3Pi
  3P2-5D2
2PO.5-2Dl.5
  5D3-5F3

Effective
 g-value

lii11iiliilli

g- value
liilkiiiIli, llillill?llii

Note

1

2

z

z

f

2

2

2

i
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Table 1.(continued)

il

  11ij /1ij ID-

 pli I
iiiik lli

i' Transition

4G3.5-4G4.5
2H4.5-4D3.5
  5DO-5Pl
  iG4-IF3
4F3.5-4G4.5
  3F4-3F3
  IPI-M2
  3G3-5G3
  3D3-IG4
  3PO-5Fl
4P2.5-2F3.5
  5D4-5D4
  IH5-3F4
  5S2-5P2
  5D3-7S3
2H5.5-4F4.5
  3D3-5F2
  3F2-3G3
  ISO-IM
  3P2-5S2
  IF3-5F4
6DO.5-6Pl.5
  II6-5G6
  5Dl-5P2
  IP2-3P2
  3D2-5D2
  IG4-3G5
  5D2-5P3
  iG4-3G3
  5Dl-5D2
4P2.5-6D2.5
4D2.5-6D3.5
4G3.5-4F3.5
  3P2-3Pl
  5G4-5G5
  5Dl-3Dl
4D3.5-6D4.5
  3G5-5F4
  5F5-5G5
  IG4-3G4
  IPI-3Dl
  5D4-5F5
  iSO-3Pl
  5D3-5D2
  3P2-5F3
  5Di-5Pi
  3G4-5G4
  3P2-3F2
  3F4-3F4
  ID2-3Sl
  5D2-5Dl
  ISO-3Pl

eil/IgE g- value

llil11i
li

lliillilli
li

il

Note

:

2

i;l

i

:

:

l

1

:
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Table 1.(continued)

lliii

  11i

il'iil
 /1ij ID

'ii

iiill'11Sii.

iii

  1111iiis11ki'ili

205
 21
 90
 18
 55
250
 69

Transltlon

2SO.5-2Pl.5
4F2.5-6Dl.5
  3PO-5Pl
  3G3-3D2
2SO.5-2PO.5
  3G3-3G4
2Pl.5-2SO.5
2Dl.5-2Dl.5
  3G4-3D3
4F3.5-6B3.5
  3G5-5K6
  3Dl-5Fl
  3G4-3G5
  5D2-5D3
  3Pl-3F2
  3F3-5F4
  3H4-IG4
  3F3-3F3
  3D3-5D2
  3F2-3Dl
  5D3-5F4
  5D3-7G3
  3F3-3F3
  3Dl-3Dl
  5F2-5Dl
  3Pl-5S2
  5S2-5Pl
  5F3-5P2
  5D2-3D2
  5Fi-5DO
  5F4-5G4
  ID2-ID2
  5DO-3Dl
  3D2-3D3
  5D2-5F2
4D2.5-4D3.5
  IH5-5D4
4H6.5-4H6.5
4H5.5-4H5.5
  5F4-5P3
  3H5-5F5
  3F3-3F4
  3P2-3P3
  3D3-3D3
  3G3-5D2
  ID2-3D2
  3Dl-3D2
2Dl.5-2Dl 5
4F4.5-4F4 5
2K4.5-4F4.5
  3D2-3E2
  3P1-3F2

Effective
 g-vaiue

llliilliilllii

ill

lll

g- value
lllillilllil

lili

lill illiilili'llli

lill

llii

Note

ii

l

l,   l

2

:

1

g
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Table 1.(continued)

lli

 i5/ :D-

iillllii

iiillii

ii

ili

Transxeion

4Dk.5-4D2.5
4F3.5-6D2.5
  M2-3F3
  3D2-3D2
6K7.5-6K7.5
  3F4-3H4
  5F3-5G3
  5F3-5D4
  3F2-3F2
  3Dl-3Dl
  iPl-3F2
  3Dl-5DO
  3Pl-5Dl
  3D3-3D2
  5D3-5D3
  5D3-5D4
  3D2-3Dl
  5Fl-5Dl
4H4.5-4H4.5
4DO.5-4Di.5
  iD2-3D3
4P2.5-6D3.5
  5D3-7G4
  3P2-5D3
  7P3-7S3
  3D2-5Dl
4G2.5-4H3.5
  3Dl-3D2
  5F2-5G2
  ID2-5Pl
  3D3-3F3
  5G4-5F6
  3F3-3D2
  5F5-5D4
  5F4-5P3
  3D3-5F4
  3P2-3D2
  !G4-5G4
  3G5-5G6
  3F3-3F2
  5P3-3H4
  3P2-3Sl
  5D3-3D3
6I8.5-6X8.5
  3Pl-3Sl
  3M-5D2
  3G5-5D4
  5F2-5D2
4D2.5-4D2.5
4bl.5-4Dl.5
  IPI-M2
4DO.6-4DO.5

egE g- value

lligl' islgi
ll

Note

z

z

l

2

i
:

:
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Table 1.(continued)

loiiiili

il'i
lli

XD'

   111iiii'
11ijiii ll

Transitlon

  5F5-5F4
2F3.5-4F2.5
4D3.5-4D3.5
  IPI-5Fl
  3G3-3H4
4N.5-4G2.5
  3G3-5F3
4F4.5-6D3.6
  5F5-5G6
  5D2-5D2
  5F3-5P2
  6D2-7G2
  5D3-5D4
  3D2-3F3
  IPI-3Dl
4F3,5-4F3.5
  5F4-5D3
  XD2-3Pl
  5P3-5H3
  3Pl-3P2
  3F3-3F2
  5F3-5D2
  3F3-iF3
  5F4-5D4
  IP2-3P2
  3F3-3P2
  IG4-3F3
  3F4-IF3
  IG4-IG4
  5D3-5G3
  3Pl-3P2
4Dl.5-4DO.5
  3Pi-5P2
2Pl.5-2D2.5
  5F2-5D2
  3D3-3F4
  3D3-5D3
  5F3-5D3
  il6-3H5
  3F2-3F3
  5Fl-5G2
  3F4-3G3
  5F2-5G3
  3G3-5G4
4Pl.5-4D2.5
  5Dl-5F2
  3Pl-5D2
  3G5-5F5
  5F3-5G4
  3Pl-3Dl
  5F4-5G5
4D2.5-4Dl.5

Effeetive
 g-value

llliILiiig.lil

g- value
lllillllii

1111

lll ilo'ililii
lli

ll

Note

2

2

g

2

:
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Table 1.(continued)

iigi$

/1'i'2
iii

ID'

ii"iiiii

ii

iii

/i Transxtion

  3P2-3P2
  3PO-3Pl
  5Fl-5D2
  5F2-5Dl
  5F3-5D3
  ID2-3Sl
2G4.5-2G3.5
  3D2-3D3
  3F2-3G3
  3PO-5Di
  3Pl-5Pi
  5D4-5F5
  5F5-5D4
  IG4-IG4
  3D2-3F3
  IG4-!F3
  M2-3F3
  3G4-3H5
  ID2-ID2
  3PO-3P2
  5D3-7F3
  5D3-5S2
  3?1-3Pl
4D3.5-4D2.5
4I4.5-4:4.5
  3Pi-3PO
  3Dl-3F2
4D3.5-2G4.5
4F4.5-4G5.5
  3F3-3G3
  3H4-5F5
  5D3-5F4
  5D4-5G5
  7P3-5D3
  3D3-3F2
  3Pi-5P2
  3F2-3F3
  3Di-3F2
  3F2-3F3
  3Pl-3Sl
  3rr3-IG4
  5F3-5D2
2PO.5-2Dl.5
  3P2-3Pl
  3P2-3Sl
  5D2-5D3
  3F4-3H5
4F3.5-4G4,5
2Pl.5-2D2.5
2Pi.5-2Dl.5
6K6.5-6K6.5
2D2.5-2Dl.5

elli11il,illtgE g- value
lillgt12i lllIIilililli

Note

1

i

g

2

2

:
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Table 1.(continued)

iii5iiis

iiig/I
iis

XD

ili

iiiiiil'iiiS,

iii

ill  ,

iii Transition

  5D2-5F3
  5Dl-5D2
  3Pl-3M
  3F3-3G3
  5Fl-5DO
  5F4-5F3
  5F4-5D3
  IPI-IPI
  3F4-5H4
2Dl.5-6D2.5
  3D2-3Pl
  5F5-5D4
  ID2-3Dl
4D2.5-4F3.5
4F2.5-4G3.5
2Dl.5-2Pl.5
  3G5-3H5
  3D3-3D3
  3Pl-3PO
  3F4-3D3
  3G5-3H6
  5Dl-5F2
  5D2-7F2
4Dl.5-4F2.5
  5Dl-7G2
  5Fl-5Dl
  3F3-3F4
  5F2-5P2
4DO.5-4Fl.5
  3D3-3F4
  3D3-5D2
  5D4-7P3
  3G4-5G5
  5D4-5F4
  3P2-3P2
4F4.5-4G4,5
  5F4-5D4
  ID2-IF3
  5P3-5P3
  IPI-ISO
4F!.5-4G2.5
  5F2-5D2
  3P2-3F3
  5F2-5D3
  5D4-5D4
  5DO-5Fi
  5D3-7D2
  3F4-3F4
  5D2-3D3
  5F2-3Dl
  3H6-3H6
  5D3-7P2

Effective
 g-value

lligiii   eliis

g- vaiue
llli!iil l    ell:iiliillli

Note

z

g

:

i

2

l

:

i
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Table 1.(continued)

iiiii

 /1\ ID"

iii

il

li'ilii

111li iii

il Transition

  5P3-5F2
  5D2-5F2
4F3.5-4G3.5

  3PO-3Dl
 6I7.5-6!7.5
  5D3-5D4
  5Dl-5Fl
  3F4-5G3
  5D3-5G4
  5F2-5Pl
  3G3-5D3
 4F2.5-4G2.5
  3PO-5Pl
 2F3.5-2G4.5
 2F2.5-4F2.5
 4D3.5-4F4.5
 4M.5-4M.5
  ID2-3P2
  3D3-3P2
 4D2.5-2G3.5
  5F3-5D3
  5F5-5D4
 2F3.5-4F3.5
  5D4-5D3
10P4.5-10P5 5
 2F2.5-2G3.5
  3F2-3Dl
  3D2-3D2
 4D2.5-4F2.5
 2F2.5-4Di.5
  5F4-5F4
  3D3-3F4
  5D3-5F2
  3H5-3H5
  5D2-5G3
  3H4-3H4
 6I5.5-6I5.5
  M2-IF3
  5F3-3D2
  5F5-5F5
 4D3.5-4F3.5
  3I7-3H6
  3P2-5D2
  3F3-3H4
  7P4-5D3
  i92-3Dl
 4Pl.5-4D2.5
  3G3-3G4
  3G4-5D4
  5D2-5P2
  3F4-3G4
  3Pl-3Sl

egEE g- value

iiilii iliiieil

Note

2

i

2

2

2

1

2

:

2

1
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Tabie 1.(continued)

iiill'i

 gli ID-

 111ilili
iiii'lli

iii

ig

liil Transltion

  3Pl-3D2
  5F3-5F2
  3H4-3F3
  3?2-3Pl
  3D3-5D3
  3P2-IPi
  3PO-5Pl
  3H6-3H5
  3F2-3P2
  5Fl-5D2
  5P3-7D4
  3D3-3P2
  5D3-7D3
  5D3-7P2
  3F3-3F4
  5Dl-5G2
  3Dl-3PO
4D2.5-4Fl.5
  5G2-5H3
  3D3-5D4
  5Fl-3Dl
  3P2-3P3
  5G3-5H4
2I5.5-2H4.5
  3F3-5H3
  IPI-ISO
4P2.5-4D3.5
  3D2-3F3
  5G4-5H5
  5F4-5D4
4D3.5-2G3.5
  3D2-3Pl
  3F3-3D3
  5P3-3D2
  3PO-3Dl
  6P3-7D3
  3P2-3Sl
  5D2-7D2
  iG4-3F3
  3G4-5F5
  5P3-5D2
  5D4-5D3
  5P2-5Dl
  5Pl-5DO
2Dl.5-2PO.5
4D3,5-4F2.5
2Pl.5-2PO.5
  5P2-5Dl
  5P2-5D2
4G5.5-4F4.5
  5F3-5P4
  5P3-5D3

Effective
 g-vaÅ}ue

liig
iii

iii

g- value
ililiiiiiil lillili'!

iii

ll

Note

2

:

2

2

1

i

2

g
z

z
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Table 1.(conttnued)

iliii

/l
'II

ID'

lillii'iiiili

ii'[

ii

il

iiii

TransitÅ}on

  3Si-3P2
  5Pi-5D2
  5Dl-7F2
  5D2-7F3
  5G5-5H6
4G3.5-4F2.5
4G4.5-4F3.5
  5D2-5D3
  5F3-5F3
  3D3-5D4
  5P2-5D3
  5D3-5D3
4PO.5-4DO.5
  5D3-7Y4
  5P3-5D4
  5D4-7D4
  3F3-3G4
  3X6-3H5
  3M-3D2
  5F4-3D3
  3Pl-IPI
  5D2-7Pl
  5G4-5H4
  7Fi-7D2
  3F4-3F4
  3F3-3D2
  3P2-3D3
  3D2-3F2
  5D4-7F5
  3F4-3F3
  5G6-5H7
  5F2-5D3
  3F2-iY3
  5F4-5D3
  3F3-3F3
  3F3-3G3
6F2.5-6G3.5
  3H6-5H6
  5DO-7D2
  3F3-5G2
  3F2-3F2
  3D3-3F3
  5F2-5Fl
  3F3-kG4
  5G5-5H5
  5D2-7D2
2F2 . 5-2M . 5
  3P2-5D3
  5F2-3D2
  5D3-5D2
  3F4-3G4
  5Dl-7Fl

e'l!gE g- value

illilli iiiiisil

Note

2

:

:

z

2

1

2

:

:



EFFECTIVELANDEFACTORSOF SOLARSPECTRALLINES 287

Table 1.(continued)

lliiillii

llii

ID'

li'iiili  , llliii

iiil Transition

  ID2-3G3
  3F4-5H5
4Pl.5-4Dl.5
6F3.5-6G4.5
  3P2-5D3
2F3.5-2G4.5
  IG4-3H4
2F2.5-4D2 5
2Dl.5-2Pl 5
4F2.5-4Fl 5
  5F2-5F2
  5Dl-7D2
6F4.5-6G5.5
  3F2-ID2
  3D2-3F3
  5G6-5H6
  3F2-3D3
  5F3-5F4
  5F3-5D2
  3P2-5D3
  ID2-ID2
  3F3-3F2
  5Dl-5D2
  3F4-5rr5
6!6.5-6I6.5
  5D2-5D2
  5D3-5D2
  5D3-7P3
  5F4-5D4
6F5.5-6G6.5
4F3.5-4F2.5
  ID2-3F2
  5D2-7D3
  3F3-5F2
  IG4-3F4
  3F4-5G4
  3F4-5P3
  5S2-5D2
2Dl.5-2Pl.5
  ID2-3D2
  3F3-5H4
  ID2-ID2
  IPI-ID2
  3F2-3G3
  5D3-5P3
  3H5-3F4
  5F4-5F5
  5Fl-5Fl
  3ff4-3D3
  5D2-7D3
  5F2-5F3
  3F4-3G5

Effective
 g-value

lillilllillllilill

g- value
lillililli1111iilllii lillilllll1!1ilill

Note

l

z

:l

1

:
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Table 1.(continued)

iii'

i'
'il

ID"

    p
Nai (D2)
 1 col
 Felp
 Fel p
  Fe II
 Fel p
  FeI
  NiI
 Fel p
Nal (Dl)
  VII
  FeI
  TiI
 Fel p
 (Crl )
  FeI
  TiI
  FeI
  TiI
 (Fel )
  FeI
 Fel p
  TiI
  FeI
  Fe!
  CoI
 Crl -

Lall ?
 CrI
Nil ?
 FeI
Fe ll p
 TiI
Fel p
 CaI
 FeI
 FeI
Fel p
 CrI
 FeI
Fel p
 ZrI
 FeI
 TiI
FeIp
 FeI
Fel ?p
 CoI
 FeI
 CrI
ZrI
FeI

li

o21

Transition

  IG4-iF3
  7F3-7D2
  3Dl-iSO
  5Fl-3P2
4Pl.5-6D2.5
  3P2-3D3
  5Pl-3Dl
  IPI-ISO
  5P3-5D3
  5F3-5D4
  5Fl-5F2
  5DO-5DZ
  5F5-5G5
  5P2-5G3
  3F4-3D3
  5P3-5G4
  3Pl-3P2
  3F3-5G3
  5P3-5F2
  ID2-5D2
2Dl.5-2D2.5
  3Dl-3F2
  5D2-5M
  3F3-3F4
  5P3-3D3
2SO.5-2Pl.5
2G4.5-2G4.5
  5F3-5D3
  3F2-5H3
2G4.5-2F3.5
  5M-5G2
  5F3-3D3
  3PO-IPI
  5Dl-5DO
2SO.5-2PO.5
  3Pi-3D2
  3D3-3F3
  3Pl-3D2
  5F4-5G4
  5Dl-5DO
  3F4-3G5
  3P2-3Pl
  3F2-3Di
  3F4-5F3
  7Di-3F2
  5D4-7D5
  IH5-5G5
  3F3-5F4
  3F3-3G4
  3F3-3D2
2G3.5-2G3.5
  7F4-7D4

eEE g- value
ig iili

Note

z

2

2

1

I

1

1

5

2

l

2
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Table 1.(continued)

iiiiilliiA

iiiiiili
liili

rD'

ii
iii

1iii11iiiii iiili  ,

iii Transition

  3H4-3F4
  7F4-7D3
  3P2-3P2
  5F3-5G3
  3H6-5H5
  3PO-3Dl
  IG4-3F4
  ID2-5Fl
  3Y2-3Pl
  3F2-5Fl
  5Pl-5Dl
  3P2-3D3
  3F4-5P3
  3F2-3G3
  3F4-3H4
  5Pl-5F2
  3D2-3F3
  3F2-3F3
4P2.5-4D3.5
  3P2-3D2
  3F4-5F5
  5F5-5G6
  3Pl-3Dl
  3F2-IF3
  3F2-IF3
  5P2-5F2
  5F3-5S2
  3F2-5Fl
4Fl.5-4Fl.5
  5D2-7P3
  5P2-5D2
  IPI-ID2
  5F4-7P3
  3F3-5D2
  5P3-5P2
  5F2-5D3
2D2.5-2Pl.5
  3F2-3F2
  3G5-3H6
  3F3-IF3
  3F2-5Fi
  3Pl-5S2
  5F5-7P4
  5F3-7P2
  5P3-5D3
  5P3-5F3
  3F3-3P2
  5F4-7D4
  5Pl-5Fl
4F4.5-4F3.5
  3G4-3H5
  5F2-3D3

Effective
 g-value

lilliilillill,lliii

g- value
ll,gii1!111g,iiiilllii llliii111iililiiiliiL

Note

z

2

2

2

:

1

i

z

z
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Table 1.(continued)

iiiiiill

illl

ID'

lllllii
llii

igiilli ili

ilill Transitlon

  3F2-5F2
  3F2-5F2
  5D2-5D3
  3F4-3H5
  3Dl-3PO
4H4.5-4H4.5
  ID2-3F3
  3F3-3F3
  5Pl-5Dl
  3G3-3H4
2Pl.5-2SO.5
4Pl.5-4D2.5
  3P2-3Dl
  II6-3I6
  7F5-7D5
  3F3-3G4
  7F5-7il4
  3F4-5F4
4Pl.5-4DO.5
2F3.5-2G4.5
  3F3-5F2
4PO.5-4Dl.5
  3D3-3P2
  3D2-3Pl
  3G5-3H5
4G5.5-6F4.5
  3F3-IF3
2D2.5-2D2.5
  5F5-7D5
  ID2-ID2
  5P2-5F3
  3G4-3H4
  5F2-5G3
  3D2-3F2
  3D2-IF3
  3F3-5F3
  3F3-5F3
  3D3-3F4
  3H4-IH5
4F2.5-4F2.5
4P2.5-4D3.5
4Dl.5-4P2.5
  3Y4-3F4
4P2.5-4M.5
  3F3-3F2
  5F5-7F6
  ID2-5F2
  3H5-5H5
  3F2-5G3
  3D3-3F4
  3D3-5P2
  5P3-5F4

elj'lggE g- value

li lliii

Note

g

l.

2

i

2

1

2

2

z

i

2



EFFECTIVELANDEFACTORS OFSOLARSPECTRALLINES 291

Table i.(eontinued)

iiiliiii

'i/liii'ell
iiil

XD"

il

11111ii
iiiliiiis

ii

iiii

iiiliil Transrtlon

6Pl.5-6S2.5
  5Pi-5F2
6P2.5-6S2.5
  3F4-IF3
  3Pl-3Sl
4Pl.5-4Dl.5
  3F2-5Dl
  3Dl-3F2
  3Pl-5S2
  IH5-3G4
  3F3-5G4
6P3.5-6S2.5
2Di.5-4Di.5
  3F4-5G5
  3D2-ID2
  3F4-3G5
  3Pl-5F2
  3D3-3D3
  3:6-3Z6
  5D4-5P3
  3P2-5F3
  3F4-5F3
  5F4-7P3
  5G5-5D4
  ID2-3F2
  3D2-3Dl
4D2.5-4P2 5
4H3.5-4H3 5
4Fl.5-4Fl 5
  3I5-3I5
2F2.5-2G3.5
  3F4-3F3
4D3.5-4D3.5
  3D2-3G3
  5G4-5D3
  3D3-3F4
4DO.5-4Pl.5
  3P2-5S2
  ID2-3F2
  5F4-5D3
  7F6-7D5
  3F3-5F2
  5P3-5F4
  3PO-3Sl
  3F2-3F2
  3H4-5H4
  IPI-3P2
  3D2-3F3
  3F2-5D2
4Dl.5-4Pl.5
  5G3-5D2
  3F3-3G3

elliil/lsgE g- value
iiliiliiigiii iiiiiiigiis1111

Note

l

1

2

:
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Tabie 1.(continued)

lli

ii

'l

li

ID

  -iil'Illllli llii

Transition

4F4.5-4F4.5
  5Pl-3Pi
  3D3-5F3
4G4.5-6F3.5
  3Pl-3Sl
  3G3-3D2
  3Dl-3F2
2D2.5-2D2.5
4Dl.5-6F2.5
  IF3-IG4
4D3.5-4P2.5
4D2.5-6F3.5
  IG4-IH5
  5P2-5P2
  3G5-3G5
4Pl.5-4Dl.5
  3F3-5P2
  3F2-5Pl
  3F2-3F3
  5P3-3P2
4D3.5-6F4.5
  5P3-5P3
  IG4-IF3
  5P2-5D3
  5P3-5D4
  3Dl-3F2
  3PO-3Pl
  3Di-3Pl
  3F4-5F5
2G4.5-2F3.5
  3F2-5Pl
2G4.5-2F3.5
  5F3-5b2
  3F4-3F3
  IP2-3D2
  3F4-3F4
4DO.5-4PO.5
4G3.5-6F2.5
  3D2-5F2
2Dl.5-4Fl.5
4G2.5-6Fl.5
  IPI-3D2
  3Dl-ID2
  3F4-3F3
4D2.5-4Pl.5
  3Di-5Fl
  5F4-7P4
  3G4-3G4
  3Pl-3Sl
4F3.5-4F3.5
  3PO-3Pl
  3Dl-3D2

elli,llllllgE g- value
lllillo111iiili lllliillilil

Note

:

i

1

l



EI FECTIVE LANDEFACTORS OFSOLARSPECTRALLINES 293

Tabie 1.(continued)

iiiiiii

/l'i

iil

:D

ii

siSiili.is

'ii

iii

ilk

l,

Transition

  3P2-3Sl
  3F4-3F4
  3F3-3H4
  5F2-7P2
4Dl.5-6FO.5
  ID2-5F3
4D2.5-4D2.5
4G4.5-6F4.5
  3Dl-3Dl
  3D3-5P3
  3D2-3D2
  3D2-3D3
  3F4-3D3
  3F2-3F2
2G3.5-2F2.5
4Dl.5-4PO.5
  3D3-3D3
  3H4-3G3
  5P2-5Dl
  5F5-7D4
  3F3-3F3
  3Dl-3F2
2D2.5-4D2.5
  3F3-5P2
  3P2-3P2
2D2.5-2Pl.5
  5P3-5D2
  3D3-5F3
  3D3-3D2
  3D3-3D3
  3F3-3F3
  3D2-3G3
  5F4-7D3
  3G3-3G3
4Dl.5-4D2.5
4Dl.5-4PO.5
  3F4-3D3
  5G6-5F5
4DO.5-4PO.5
  3D2-3F3
6D4.5-6F5.5
  5P3-5D2
2PO.5-2SO.5
  3D3-3G4
2F3.5-4H3.5
  3D3-3G3
  3Dl-3P2
  3D2-5P2
  3F4-3F4
  3F3-5F4
2Pl.5-2SO.5
  3D2-3P2

eiS
li,iISZ,.sEE g- value

iiiiiliii
iii

iil lliiiilix
11i

111    -

Note

:

z

:

l

l

2
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Table 1.(continued)
  11i

iil'

lj XD-

iilliii
illlgii il

Transition

  3P2-3SX
  3F3-3F4
  5P2-3P2
  3Dl-3Pl
  3F3-3G4
  3Bi-3PO
  3b2-3PÅ}
  3D3-3P2
6D3.5-6F4.5
  3D2-3P2
  3F4-3G4
  3F3-3F3
  3D3-5G2
  9D5-7P4
  5Pl-5DO
4F3.5-4F3.5
  IPI-3Pi
  3F4-3G5
  ISO-3Dl
  3D2-5F2
2F3.5-2D2.5
  3G4-3D3
  3F2-5F3
  3D3-3F4
  3F3-3D3
  3P2-3Dl
  3F3-3F4
4P2.5-4D2.5
6D2.5-6F3.5
  ID2-3D3
  3H5-3G4
2Dl.5-2Dl.5
  3Pl-3Pl
2Dl.5-4D2.5
4Dl.5-4Dl.5
4G3.5-6F4.5
6D3.5-6D4.5
  3F4-5P3
  3F2-3F3
  3F4-5F4
  3Di-5F2
2Dl.5-2Dl.5
  5G4-5D4
  3Pl-3P2
  5Pl-5Dl
6D4.5-6F4.5
  3F2-3G3
  3G5-3F4
6D2.5-6D3.5
  5P2-5D2
  5F2-7D2
  3G4-3F3

ellll/isE: g- value
ll'llilli

ii

11 llikll'
il

li

Note

i

1

z
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Tabie 1.(continued)

iiiiiiiii

11ti/l/11$ii111$

iiii

!D'

      piellliiiiiig

  111iiiiiliiiii Transition

  3F4-5F4
  3G3-3F2
  3D2-5F3
  5F5-7F4
2Dl.5-2D2.5
  3F3-3G4
  3D3-5H4
6D3.5-6F3.5
  3D2-5F2
  3D3-5F4
  3Pl-3Dl
  3F3-3P2
  3F4-3F4
6Dl.5-6D2.5
4PO.5-4Dl.5
  5P2-5Dl
6D2.5-6F2.5
  3Dl-3F2
4Dl.5-4Pl.5
2Dl.5-2D2 5
2Dl.5-4Dl 5
4DO.5-4Pl 5
6Dl.5-6Fi 5
  3F3-3F2
  5Pl-3P2
6DO.5-6Dl.5
6D4.5-6D4.5
  3P2-3F3
  3D2-3F2
  3D2-ID2
6DO.5-6FO.5
  3P2-3D3
  5P3-5D3
4D2.5-4Pl.5
  5F4-7D4
4F4.5-4G5.5
  3F3-5D4
6D3.5-6D3.5
  3H6-3G5
  3D3-5G3
  3D3-3F4
  3P2-3Pl
  3D3-3F3
  3KG-3G4
  ID2-3Pl
6D2.5-6D2.5
  3F2-5G3
  3F3-3G4
6DO.5-6DO.5
  3F4-3G5
2D2•5-4D2.v'
  IPI-3Sl

eillj'iiltgE g- va!ue
liiilliiiiiiiil iiliii'lsiiiil

Note

z

:

2

l

:
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Table 1.(continued)

ilill

1I m
 TiI
 VI
-Lall ?
 TiI
 FeI
 TiI
 VI
 FeI
 TiI
 VI
 VI
 FeI
 FeI
Fel p
 NiI
 TiI
 VI
 SeI
 TiI
 Sc II
 FeI
 CoI
Fel p
 VI
Fel p
 FeI
 Vi
Fel p-
 TiI
 Ti!
 VI
 Tii
 FeI
Til ?
[O I ]
 Sc II
 FeI
Fel p
 FeI
 FeI
 TiI
Zrl?
 Fe II
 ScI
 scx
Fel p
rveI p
 Sc il
Til ?
 Fe!
 TiI
 ZrI

Transition

  3F2-3G3
6Dl.5-6FO.5
  3D3-3Y4
  5P2-5P3
  5P3-5D3
  5P3-5D4
6D2.5-6Fl.5
  ID2-IF3
  3F2-3P3
6D4.5-6F3.5
6D3.5-6F2.5
  3PO-3Dl
  5F5-7D5
  3F3-3P2
  3Di-5F2
  3F3-5G4
6D!.5-6DO.5
2D2.5-2Dl.5
  5Pl-5D2
  3Pl-3D3
  5F5-7F6
4Pl.5-4D2.5
  392-5P3
6D2.5-6Dl.5
  3F3-5P3
  3D3-3D2
6D3.5-6D2.5
  3Pi-3P2
  3F4-5G5
  5P3-5D3
6D4.5-6D3.5
  3F2-5G2
  5M-5D2
  5Pl-5Dl
  3P2-ID2
  3P2-3D2
  5P2-5D2
  3D2-3D3
  5M-5DO
  5G6-5G5
  3F3-3G3
  3Pl-3PO
4F4.5-4F4.5
2D2.5-2D2.5
2D2.5-4Dl.5
  3F4-3I5
  3D3-3D3
  3PO-3DZ
  3F3-3D3
  3P2-3D2
  3F4-3G4
  3G5-3H6

eiiigiilliEE g- vaXue

11 lli,11 m

Note

l

1,2

z

2

2
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Tabie 1.(continued)

iiiiiiiik

i:iiiiiiii 111ts ID'

iliiiiiiiiig

ill

iiili

iiiliiil TransStion

  3P2-ID2
  3D3-3F4
  3F3-3F3
  3F3-3D2
  3F4-IG4
  3D3-3D2
  3K4-5G3
  3F2-3Dl
  3F2-3G3
  3Sl-3P2
  ID2-3F2
  3Pl-3Dl
  3D3-3F3
  3F3-3F4
  3F3-5G3
4N6.5-4G5.5
  M2-3F3
  5S2-7P3
  3D3-5D2
4F2.5-4G3.5
  5P2-5D3
  3F3-3D2
  5Pl-5Dl
  3D2-3Pl
  3D3-3D3
  5F3-7D4
  3F3-3G4
  3H5-5G5
2Dl.5-4F2.5
2SO.5-2Pl.5
2F3.5-4F3.5
4H4.5-4G3.5
  5G5-5G6
  5F4-7F3
  3M-3D2
4H3.5-4G2.5
  5F5-7F6
  3F4-5G4
  3F2-3D2
  3F4-3G5
  IPi-ID2
  5S2-7P2
  3F2-iD2
  3Pl-ID2
  3D2-5Fl
  3F3-3D2
  3F4-3D3
  3F2-3F3
6S2.5-6Dl.5
  3P2-ID2
2SO.5-2PO.5
  5G6-5G6

e1$111'iiilgEE g- value
iiiliiiiiisiii iiiliiil/111iiil

Note

2

:

2

:

1
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Tabie 1.(eontinued)

iiliiiil

iig1ts
 1111 I9'

liii"iiiliiig

iii

iiii

iikiii

/i1

TransitSon

  303-3G4
2Pl.5-4Fl.5
  3F2-3F2
4Dl.5-4Dl.5
  3D3-3P2
  3D3-5F3
  5F4-7D5
  3D2-3F3
  3P2-5M
  3K5-5G4
4DO.5-4Fi.5
  5G4-3G4
  5P3-5D4
  5F4-7Y4
2D2.5-2Dl.5
4Dl.5-4P2.5
  5Pl-5D2
  3D3-3F4
  393-5G4
  5P2-5D3
  3H4-3G5
  3F4-5G3
2D2.5-4F2.5
  3D3-5F4
4D2.5-4P2.5
  3D3-3P2
  3F3-5F4
  3D3-3D3
  3P2-3P2
  IG4-3G5
  3F2-3Pl
2G3.5-2F2.5
4rr4.5-4F4.5
  5P3-5D4
4F3.5-4F3.5
  3P2-3D th
6S2.5-6D2.5
2D2.5-2D2,5
  3F2-3M
  9D5-9P5
  3G4-3D3
  3D3-3F4
4D2.5-4D2.5
  iG4-3F3
4F3.5-4G4.5
  3Dl-kD2
4P2.5-4D3.5
  IG4-5F4
  IG4-3G5
4Pl.5-4P2.5
  3F4-5F5
4D3.6-4F4.5

eiillilgEE g- vaiue
11iiiis11siiil il11fi11i111

Note

:

2

:

2

2

2

1

2

:

2
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Table 1.(cont2nued)

iiiii'iiig

1ts
 11fi ID'

'llllii ,

iiliiili

iilli

Lall ?
 SiI
 CrI
 VI
 NiI
 Fel
 CrI
 VI

iiis

iiili Transltion

  3D2-ZD2
4D3.5-4P2.5
  3D2-5G3
  392-3F3
  3H4-5G4
  5F4-7F5
  3D3-iD2
4Dl.5-2D2.5
  3B2-5Dl
  3Di-3Dl
  3H6-5G6
  3G4-3H5
  3D3-3F3
  5G4-5G5
  3Dl-5Dl
  3F4-3G3
4Dl.5-4F2.5
  3P2-5D2
4F4.5-4G5.5
  3P2-IF3
  3F4-5F3
  3G3-3H4
2G4.5-2F3.5
2Pl.5-2D2 5
4D3.5-4D3.5
  3Dl-3F2
  3D3-5P2
  3H6-5G5
  3Dl-5Fl
  3D2-3D2
2Dl.5-2PO.5
  3F3-3F4
  3D3-3D3
  5F3-7F3
  3D2-3F2
  5D2-7P2
  3D2-3F3
4PO.5-4Pl.5
  3F2-3F3
  3D3-3F2
  3F4-3G5
6S2.5-6D3.5
  3P2-3D3
  5Dl-3PO
  3Dl-3F2
  ID2-3F2
  5F5-5F5
4P2.5-4P2.5
  3P2-3Dl
  5P3-5P2
  5D3-7P3
4M.5-4Pl.5

EÅífective
 g-value

iiiiiieig
iii

iii

g- value
iil ,111iiiii

ii

iii iiiliiigiiii

ii

iiil

Note

:  :  1

z

2

l

2

2

1

1
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Table 1.(continued)

iii

  ll's'i 1ti IP'

iliilliil

ig

'i

ii Transition

  3G3-3F2
  3F2-3F2
  IPi-ID2
  5F2-7Fl
  IF3-!F3
  3F3-3F3
  3D2-3F3
  3F4-5F3
  3F4-3F4
  3D2-5Pl
2Dl.5-4F2.5
2G4.5-2G4.5
2F2.5-2Dl.5
2PO.5-2Dl.5
  3Dl-3F2
2G4.5-2G4.5
4PO.5-4PO.5
  3D3-5F4
  ID2-3G3
  ISO-3Pl
  5F2-7F2
  3F3-3G3
  IH5-IG4
4DO.5-2M.5
  IF3-IF3
  5D4-7P4
  3F4-5F4
  3Pl-3Dl
  iPl-IPI
  3F4-3D3
  3D2-3D2
  3G4-3F3
  3F3-3F2
  3H5-5G5
4D2.5-4F3.5
  3D2-5F3
  5D3-5D4
  3D2-3F3
  ID2-IF3
  3D3-5S2
  3Di-5DO
  ID2-ID2
4Pl.5-4PO.5
2M.5-2D!.5
2G3.5-2G3.5
  3P2-5D3
  3F4-3G4
  5F2-7F3
  5D2-5D3
  3P2-3D3
  5Fl-7FO
  3G3-7F4

e'isEE g- value

liiliiiil ieii

Note

i
2

2

z

2

2

2

i
:
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Table 1.(continued)

lli

'i'l

lli

ID'

lilkiiiiill  i/

Transition

  392-3D3
  3Dl-3Y2
  5G2-3Di
  3G5-7P4
  3F4-5P3
4P2.5-4Pl.5
  5Fl-7M
2G3.5-2H4.5
  3F4-5D3
  5D4-7P3
2Pl.5-2D2.5
  3Dl-3D2
  5P3-5P3
  3D2-3P3
  IF3-IG4
  3G4-7F5
  5P2-5Dl
  3F4-5F4
  3D3-3F4
  ID2-3P2
  9D6-9P5
  3F2-3G3
  5Fl-7F2
  5D3-3F3
  5D2-5D2
  5D4-5D4
  3D2-3Pl
  5P3-5D3
  3Pl-3PO
  3F3-5F2
  3F4-5G5
  3H4-5G5
  3F3-3D3
  5D3-5D3
  3D3-5D4
  5P3-3D2
  IM-ID2
  5Dl-3Pl
  3G5-3F4
  3P2-3P2
4Pl.5-4DO.5
  5D2-5Dl
  3G5-7F6
  3F4-3G5
2Dl.5r4Fi•5
  3F3-ID2
  5P3-5F2
2SO.5-2Pl.5
  3Dl-5Pi
2SO.5-2PO.5
  3F4-3D3
  3Dl-3D2

elill/lsEE g- value
llilklililll/lllii lii'li/lllilill

Note

2

1

2

2

2

2

2
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Table 1.(continued)

iiliil

'il

iiii

:D-

iii
iil'4

isiii ii

iiil Transition

  3G3-7D2
  3G3-3F3
  5Dl-3F2
  5P2-5P2
  5D3-3P2
2SO.5-2Pl.5
2SO.5-2PO.5
  3F4-5F5
  3F2-5Dl
  5D2-3F3
  5P2-5D2
  3F3-3P2
  3D2-5P2
  3F3-5.D2
  5D3-6D2
  3F2-3G3
  IPI-IPI
  5P2-3Dl
  ID2-iPl
  iPl-M2
  5D4-3F4
  5S2-3P2
  5P2-5Pl
  5D4-5F5
  3F3-3G3
  5Pl-5DO
  5D4-5D3
  3G4-7P3
  ID2-iD2
  3F3-5F3
  ID2-ID2
  3F2-ID2
  3H4-IF3
  3F4-5G3
  3G5-3G5
  3F2-5G2
  3G4-3G4
  3D3-5D2
  3M-3Pl
  5G4-5G4
  5Pl-5Dl
  5P3-7S3
  ID2-3F2
  3D2-3Si
  3F3-ID2
  3F2-5G2
  3F4-3G3
4D2.5-4Y3.5
  ISO-3Pl
4P2.5-4D2.5
  3Pl-iD2
  3F3-IF3

elliEE g- value
liillilkiiii lgliiliiili

Note

2

:

:

2

2

x
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Table 1.(continued)
  11ti

llii

/i
iii

ID'

iil

liiiig

iil

ii

iiii' TransÅ}tion

  3F3-5P2
  3F2-3Pl
  3F4-3G5
  3F3-5G3
4Dl.5-4F2.6
  3F3-ID2
  3F4-5F5
  5D2-3F3
2Pl.5-2SO.5
  3G3-7P4
  3F4-5G4
2D2.5-4F2.5
  5D3-3F4
  3PO-3Dl
  3Pl-3D2
  3F3-5F3
  ID2-3Pl
  3F2-5Fl
  5P3-5F4
  5P3-7G3
  3F2-5Dl
  3F3-3G4
  3G4-3F4
  3P2-3F2
  5P2-5P3
4DO.5-4Fl.5
  7P3-3P2
  3G5-5K6
4PX.5-4Dl.5
  3P2-3DÅ}
  5D4-5F3
  5Pl-5P2
  3PO-5Fl
  3F3-5D2
  5D2-3P2
  IPI-ID2
  5Pl-5P2
4D3.5-4F3.5
  5D4-IF3
4D2.5-4F2.5
  3P2-3D2
  3F3-5G3
  5PY3Dl
  3F4-3G4
  3F4-5G4
  5P2-5D3
4Dl.5-4Fl.5
  3Pl-3Di
  3D3-3D2
  5Pl-5Pl
  3F4-3D3
  3F3-5F4

EÅífective
 g-va}ue

llliilli'lllili/

g- value
lllilllilllilli llliilllillliliii

Note

:

2

z

z

:
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Table 1.(continued>

iil

iig

'l/l
iilS

XD'

iii

iilil

iil

'l Transit1on

4P2.5-4D3.5
  5P3-5G2
  5F3-3F2
  IPI-IPi
  5P2-5Fl
  3D3-iD2
  3F2-5F2
  5P3-5D4
  5P2-3D2
  3F4-ZG4
  3F3-3D2
  3Pl-3Di
  3Pl-3F2
  3Dl-5P2
  3F2-5G3
  3P2-5Pl
  3F4-5G5
  IG4-IF3
  3Pl-5DO
  3P3-7G4
  5P3-7F2
4Pe.5-4PO.5
  3K4-5F3
  3F2-3P2
  3G3-7P3
  5D3-5F2
  3F2-5D2
  7P2-7D3
  7P2-7D2
  7P2-7Dl
  3F2-3Dl
  ID2-IF3
  5F4-3F3
  3Pl-5Dl
  3Pl-5Pl
  3Pl-3PO
  5D3-3F4
  5P3-5G3
  5P2-5F3
  7P3-7D3
  7P3-7D2
  5F3-ID2
  5P3-7F4
  3F2-3F3
  3F2-5D3
  5D2-5Fl
  3H5-5F4
  3F3-5G2
  5P2-7S3
  3F3-3G4
  3Pl-3P2
2Pl.5-2F2.5

ellillli'iEEE g- value
li'ls'liii liiiIIilllill

Note

2

2

:

2

z

z

z



             EFFECTIVE

Table 1.(conÅíinued)

   Wave- ID' R}IT  kength No.  6947.55 Fel 1221
  6951.237 Fel i186
  6951.237 Fel 1193
  6961.656 Fel 1078
  6953.057 Fel p- 815
  6955.040 Nil 157
  6963.01 Felp 1007
  6965.408 Mgl 33  6970.495 Felp 463
  6971.9i7 Fel 404
  6976.24 Fe! li94
  6976.504 Sil 60
  6976.908 Fel 1221
  6977.466 Fel 1225
  6978.383 Crl 222
  6978.862 Fel ill
  6979.156 Felp 340
  6979.806 Crl 222
  6980.910 Crl 222
  6983.52 Fel ?p 1220
  6988.533 FeE 167
  6989.72 Felp M91
  6996.634 Til 256
  6997.080 Felp 1273
  6999.885 Fei 1051

LANDEFACTORSOF SOLAR

Transition

  3F3-3F3
  5P3-7F3
  5P3-5S2
  5F2-3F2
  5P3-7D3
  3D2-ID2
  3F2-5F3
  ID2-IF3
  3P2-3D2
  3G3-3D2
  5Pk-3D2
  3Dl-3F2
  3F3-3F4
  3F4-3G5
  7P4-7D5
  3PO-3Pl
  3P2-3F3
  7P4-7D4
  7P4-7D3
  3F4-5D3
  3H6-5F5
  5P2-7G3
  3Pl-3?2
  5D3-5F2
  5D4-5F4

SPECTRAL

Effective
 g-value
   1.083
   1.583
   2.333
   O.833
   2.708
   1,083
   1.833
   1.000
   1.333
   O.333
   O.500
   O.750
   1.500
   1.iOO
   1.300
   i.500
   O.667
   a.7oo
   1.750
   O.875
   O.583
   O.500
   1.500
   2.000
   1.425

LINES

fi

ii

value

  1.083
  1.500
  2.000
  O.667
  1.750
  1.000
  1.250
  1.000
  i.i67
  1.167
  i.167
  O.667
  1.250
  i.200
  1.600
  i.500
  1.083
  1.650
  1.750
  1.500
  1.400
  1.i67
  1.500
  1.000
  1.350

305

Note

   1
   2
   2
   2

   2

   2

   1

3. DeterminatioR ef Sunspot Magnetic Field

    As an application of the table made in the previous section sunspot spectra
were analyzed to determine the magnetic field strength. The sunspot magnetic field
is usually determined with the polarization technique or line profile analysis. In this

paper we use a reasonabie assumption that in {he presence of a magneÅíic field
spectral line widths are broader as their effective Lande factor, .q.ff, increases. This

statistical determination has not really been tried so far.

3.1. 0bservatiofi

    Observations were made with {he horizontal solar telescope (f = 20m, Nakai
aRd Kubota i964) of the Kwasan Observatory oR Jttly 24, l991. A green spec{rai
region which included large Lande factor lines was seiected aRd photo.g.rapked
through the i5m spectrograph. For comparison a spectrogram obtained with the
Domeless Solar Telescope (Nakai and Hattori 1985) in the Hida Observatory was
used. These observed materials are listed ln Table 2. The sunspots observed are
denoted in the daily sketches of the National Observatory reproduced in Figure 1.
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Table 2. 0bserved materials for anEilysis.

Date SunspotNo. Obs.Wavelength Dispersion F..mulsion Exposure

(NOAA) (A) (Almm) (sec)

july24 6734 5210--5330 O.53 TriX I

1991

Septil 830 S540--5610 O.33 KOI)AK5063 e.s

l981

3.2. Measurement
    Photographic density of the spectrograms was recorded with the PDS
microdensitometer of the Kwasan Observatory (Nakai et al. 1986). OR the
recording chart the density was converted to she intensity with the calibration curves

derived from step wedge spectrograms, and totai half widths (Full Width at Half
Maximum) of spectra1 liRes were rneasured. The measurements were performed for
three regions; photosphere (PN), penumbra (PU), and umbra (U). These regions
were so chosen along the slit direction that, in the continuum, the minimum intensity

for umbra, the intensity outside thc suRspot for photospltere, and the intensity
betweeit the above values for penumbra were taken. The intensity contrasÅís relative

to the photospheric iRteRsity are given in tlie top iine of Tables 3 and 4 to more
specify the measured region. These tables give ts;. (FWI-IEM) and the central liRe
intensities relative to the continuum, I./I,, the latter are necessary for the analysis,

as well as g.ff•

3.3. Analysis
    The line widths measured coRsist of magnetic and non--magnetic contrlbutions.
The latter is due to the Doppler broadening, the saturatioR effect of the absorption,

and the instrumental effect. The magnetic contribution is due to the Zeeman shift

proportional to g.ff. Since the saturation effec{ of the absorptjon depends on the
line intensity, this is removed by plotting the line widths against their central

intensity for each geff. Figure 2 shows this saturation curve of the photosphere
where the scatter due to the different Lande factors is not recognized because of

the weak magnetic field. The line width at the central in{ensity == 1 gives the one

without the saturation effect. The saturation curves are differeRt in the Kwasaft

and Hida data for the stronger lines. However, the saturation-free widths happeB
to be the same as O.09A. Since instrumental widths of the spectrographs dtte to
the slit width (50 microns) and their spectral resolution are broader for the Kwasan

data, the true widths corrected for them will be narrower for the Kwasan
data. AdoptiRg the theoretical spectral resolution, we have the corrected
saturatlon-free widths of l.76km/s (Kwasan) and 2.36km/s (Hida) in units of
velocity, respectively. ConsequeRtly, the dlfference of the saturatioR curves will
indicate that the photosphere seiected in {he H[ida spectrogram was not quiet but

actlve.
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 Table 3. Mne widths

   Waveiength ID

 i 5264.808 Fell
 2 5273.389 Fel -
 3 5275.284 Feip
 4 5223.i90 Fel
 5 5284.112 Fell
 6 5322,049 Fel
 7 5295.32i Fel
 8 5226.545 Till
 9 5228.383 Fel
10 5263.865 Fel
li 5249.ill Fel
12 5321.114 Fel
13 5234.630 Fell
k4 5265.560 Cal
15 5296.702 crl
16 5261.708 Cal
17 5242.500 Fel
18 5288.533 Fel
l9 5239.823 Scll
20 5293.963 Fel
2i 5253,033 Felp
22 5313.585 Crll -
23 5280.633 Col
24 5220.086 Cul
25 5294.553 Fel
26 5265.964 Til
27 5316.620 Fell
28 5255.325 Mnl
29 5220.296 Nil
30 5297.385 Crl
31 5232,952 Fel
32 5255.123 Crl
33 5237.325 Crll
34 5224.3iO Til
35 5302.307 Fel
36 5263,314 Fel
37 5250,654 Fel
38 5273.i70 Fel
39 5307.369 Fel
40 5253.468 Fel
41 5243.783 Fel
42 52i9,706 Til
43 5265.153 Crl
44 5252.106 Til
45 5228.i03 Crl
46 s308.429 Crll
47 5279.877 Crll
48 530s.866 Crll
49 5298.283 Crl
50 5298.023 Crl
51 5300.751 Crl
52 53i2.863 Crl
53 5265.723 Crl
54 5247,058 Fel
55 5260.390 Cal
56 5275.759 Crl
57 5225.534 Fel
58 5247.574 Crl
59 5250.216 Fe!
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Table 4.

   Wavelength

 1 5576.099
 2 5592.266
 3 5598.491
 4 5560.220
 5 5598.305
 6 5567.400
 7 5569.631
 8 5565.485
 9 5592.152
10 5578.729
11 5572.851
12 5549.958
23 5594.666
i4 5589.366
15 5565.713
16 5595.067
17 5553.707
18 5553.589
19 5593,746
20 5587.868
21 5588,764
22 5573.107
23 5543.i99
24 5587.58!
25 5546.514
26 5581.979
27 5590.126
28 5543.944
29 5601.286
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    Figure 3 gives the saturation diagrams of the penumbra and umbra classified
by g.ff. The data points of the Kwasan observation are many in the diagrams
for g,ff iv 1 and l.5 and fit to the photospheric saturatlon cLirve if they shift in

the ver{icai direction. Accordingly, we assume {hat the shape of the saturation
curve yemains the same from photosphere to umbra. By fitting tke photospheric
satura{ion curve to tlte data points in eacli diagram, sttturatioR-free widths of {he

various Lande factor lines are obtained. The saturation-free widths thus obSained

are showR against g.ff ln Figure 4. This width, which should be the sum of the
Doppler aRd lnstruinental widths aRd Zeeman shift, iRcreases with g.ff and indicates

the existence of magnetic fields, except the umbral data obtained at the Kwasan
Observatory. The latter must be seriously contaminated by stray light from the
photosphere (e.g., Zwaan 1965). The linear relation between the width and g.ff
is oR!y clearly seeR for {he penumbral data obtained at the Kwasan Observatory
and gives the field strength of 1000G. This value seems to be a liÅítle weaker and

might be brought by the n-compoReRts which appear in the transverse magnetic
field of the penumbra. The Hida observation made not for {his purpose does not
include large g,ff which will enable to safely determine the field strength.
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Figure 4.
 o ! 2 o l 2 g.ff
Dependence of the sattiration free widtlis (ordinates) on the effectiye Lande factors (abscissa).

Horizontal bars and clots show the saturation free widtlis obtained in the corresponding range

of the effective Lande factor, Straight lines show the dependence in the case wliere the

magnetic fields are 1k6 and 2kG.

4. CoRclusieR

   We have presented the table of the effective Lande factor, g.ff, for the solar
spectral lines in the wavelength range 5000A-7000A. Its application to the sunspoÅí

spectra proves that statisticai determination of {he magnetic field strenvcr.th is possible

if the g.,ff covers from small to large values. The simiiar process will be promisiRg

to determiRe stellar magnetic fields.
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