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Summary. — Numerical values of the atomic partition functions (APF), U, for Fel, Fell and Felll are given for the tem-
perature range 2000-40000 K, and for various lowering of the ionization energy (in the range 0.01 to 2.00 eV). In the calcu-
lations of the APF all quantum energy levels have been taken into account, including those lying above the normal ionization
energy. Our values of APF are larger than those published previously, however, their ratios U * /U ™ are smaller.
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1. General remarks.

In the previous paper of the authors (Halenka and
Grabowski, 1977, hereafter H-G) the problem of atomic
partition functions (APF) calculations has been discussed
in detail. The most general description of APF has been
formulated (Eq. (2) in H-G), taking into account all the
energy levels permissible by quantum mechanics (unlike
the earlier APF definitions and calculations, e.g. Griem,
1964 ; Traving et al., 1966 Drawin and Felenbok, 1965,
hereafter D-F; see also for most complete APF tables
Irwin, 1981). Also, an algorithm for the calculation of
numerical values of APF has been proposed. It was applied
to tin as an example, and its accuracy was checked. In
particular we have shown that the contribution to APF
of the levels above the normal ionization energy is not
negligible. It should therefore be expected that the APF
values hitherto published may be greatly underestimated,
especially in the case of elements of complex energetic
structure and of low ionization energy, e.g. elements of the
first transition group (as Ti, V. Cr, Mn, Fe). In this paper
the APF values have been calculated with the H-G
technique for iron — one of the most important elements
in astrophysical spectroscopy. We have maintained the
calculation algorithm, the symbols and the terminology
from H-G. Two additional points deserve comment :
(1) the experimental data may be insufficient to determine
« non-observed » levels by semiempirical methods; (2) the
configurations of equivalent optical electrons cannot be
taken directly into account by H-G formalism.

(*) This work was performed under the partial sponsorship
of the Polish Academy of Sciences.

Send offprint requests to : J. Halenka.

Comment | : this case occurs usually in higher ionization
states. For FelV, for example, in the tables of Moore (1949-
1958), Reader and Sugar (1975) (hereafter R-S) and also
Ekberg and Edlen (1978) (hereafter E-E), there are no
levels of configuration (...)nd and later. In this case one can
approximately estimate the quantum defects of « non-
observed » levels — scaling the quantum structure in
relation to other isoelectronic structures (for example,
FelV vs. Crll), where the relevant levels are known. For a
given level sequence, denoted as (parent term)ns, (...)np.
(..)nd, etc., the numerical values of the quantum defect 6
decrease successively when the quantum number /
increases, and attain practically zero at (...)ng configuration.
This circumstance is helpful to estimate graphically the
o-values.

Comment 2 : to determine the « non-observed » levels
belonging to the configuration of equivalent electrons
(s%, p", d™) the semiempirical method employed in the H-G
paper is useless. However, inspection of the above-men-
tioned tables suggests that for a given configuration — and
for a configuration of equivalent electrons as well — the
proportionality between the excitation energies of the
corresponding isoelectronic terms is satisfied rather well.
One can, therefore, scale the examined element by proper
isoelectronic structures, in which the levels of interest are
known. Figure 1 shows an example of a diagram for a well
represented configuration d* of FeV (tables of R-S give all
the terms) and of VII (Moore’s tables contain all terms,
except the 'S).

Given term of a configuration of equivalent electrons
usually belongs simultaneously to a few level sequences
based on different parent terms. To calculate the contri-
bution of the term examined, say, the j-th one, to the g-th
partial APF (i.e. APF summed over the level sequence
formed on the g-th parent term), one must multiply the
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statistical weights of the levels of the term examined by
their coefficients (conventionally normalized to 1) of the
fractional parentage G,; (the G ;-value is the same for each
i-th level of the j-th term). We have assigned the coeffi-
cients of the fractional parentage according to a well known
procedure (cf. e.g. Slater, 1960, Vol. I1; Sobelman, 1979) :

G, = Gypsias = (@ L' S': “LS)Z/ZI(O" L'S’;aLS).
M

In the H-G paper each level sequence was based on one
of the parent levels. In the configurations of the equivalent
electrons, we generally are not able to ascribe a proper
parent level (one of those forming the g-th parent term)
to a given level of the j-th term examined. Fortunately,
such ascription is not necessary to APF calculations. The
H-G formulae, appropriate to the parent levels, can simply
be adopted for the parent terms by summing over their
component levels. Thus, the expressions (8), (8), (9) and
(10) in the paper H-G become :

i1(p)

Y U= % 3 gfexp(— ER/T) +
petermgq petermq i=1
+ Y AUP.

petermg
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In the particular case when E/%"/kT > 1 we have

Y gotVexp(— E{,’*”/kT)/ Yy up.

peterm 1 peterm 1
“

The sums run through all numbers p, ordering the levels
of g-th, k-th and 1-th parent term. Of course, when we put
ij(p) = ipa(p), then the second term in equation (2)
becomes ) AU =0, because in the first term of the

petermg
equation the sum over i runs through all numbers ordering

the bound quantum levels. We maintain the division of the
level sequences on the groups as in H-G. Equation (2) in the
form mentioned above, should be used to calculate the
contribution of the «”-th group of the level sequences to
the APF-value. The level sequences which are formed on
those of the parent terms, whose levels have ordering
numbers p satisfying the inequality p < p,, belong to the

U(r+1)/U(r) =

Ne 1

o' group. The level sequences based on parent terms whose
ordering numbers p satisfy the inequalities p; < p < p,,
belong to the B group. In this case equations (2) and (2')
should be used. The next sequences belong to 7" group.
for which equation (3) is appropriate.

2. Calculations.

To calculate the numerical values of APF, U, for the r-th
ionization state, according to H-G’s formalism, the values
of U*V must be known. Our purpose is to obtain the
accurate U-values for Fel, Fell and Felll. ’

To obtain reliable values of U ), preliminary calculations
were begun for FeV. U has been roughly estimated by
summation of the contributions over the FeV levels which
are listed in R-S tables. In subsequent ionization states
(FelV up to Fel) the U" values have been calculated
according to the H-G scheme with the modifications as
described above. As a basis for the E{-values, the papers
mentioned in the Comment 1 and the publication of
S. Johansson (1978) (hereafter J) have been used. Thus,
the level sequences have been divided into groups as
noted below.

FelV : a®-group : sequence on the parent (ground)

term 3d* (°D). including levels of the configuration 3d°

(with G,; coefficients).

B“-group : sequences on the remaining parent terms

of the 3d* configuration, discrete summation of all levels

of the configurations 3d*4s, 3d*4p and 3d® (with G
coefficients).

y“-group : remaining sequences.

Felll : «®-group : sequence on the parent (ground)

term 3d® (°S). including levels of the configuration 3d®

(with G; coefficients).

B®-group : sequences on the remaining parent terms

of the 3d° configuration, discrete summation of all levels

of the configuration 3d® (with G,; coefficients), of the
configurations 3d> 4s, 3d°> 4p on the parent terms 3d°
(3J, %H, *D3. %F1, 2G2. *F2, ?Gl, %S, ’D2), and of the
configurations 3d® 4s, Ss, 6s, 4p. 5p, 4d on the parent
terms 3d° (*G, *P, *F, “D).

y®)-group : remaining sequences.

Fell : a'®-group : sequence on the parent (ground)

term 3d® (°D). including levels of the configuration 3d’

(with G,; coefficients).

B»-group : sequences on the remaining parent terms

of the 3d® configuration and of the parent configuration
3d° 4s, discrete summation of all levels of the configura-
tions 3d’ (with G,; coefficients), 3d®4s, 3d® 5s. 3d° 4d,
3d5 4s2, 3d° 4s 4p.

y®)-group : remaining sequences.

Fel : a'M-group : sequences formed on the parent terms
3d° 4s (°D), and 3d’ (4F8), including levels of the configu-
rations 3d°4s® and 3d® (with coefficients G,; and G,;
respectively).
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BM-group : sequences on the remaining parent terms
of the 3d’ configuration and on the parent term 3d® 4s
(*D), discrete summation of levels from the configu-
rations : 4d” 4s, 3d” 4p, and 3d® (with coefficients G)),
3d® 4s (“D) 5s, 4p, 5p. 4d. and 3d°® 4s? (with G; coefficients
suitable for the parent term *D) [remaining 1evels on the
parent terms of the 3d” configuration have been calculated
in comparison with the sequence on the parent term
3d” (*F), and remaining levels of the sequence on
3d® 4s (*D) have been calculated in comparison with the
sequence on the parent term 3d®4s (°D) (according to

Eq. (2'))]3
yD-group : remaining sequences (in comparison with
the sequence based on the parent term 3dS 4s (°D)).

In the cases of Fell, Felll and FelV in $ and y” groups.
the sequences based on ground parent terms (cf. «"’) have

been used for the purpose of comparison. Numerous

levels among those included in «” groups, and among
the levels of B whose contributions to APF have been
included discretely, are not listed either in Moore’s or in
R-S, E-E and J tables. The energies of these levels have
been determined by the method described in H-G or in
the present paper.

The typical range of physical conditions of astroPhysical
and laboratory plasmas extends from 10'* to 10'® cm ™3
in the electron concentration N, and reaches 40000 K in
the temperature T. As is well known, APF depends on
N, through the lowering of the ionization energy (LIE),
AE®. In the current literature, various expressions are
used for LIE (cf. e.g. Griem, 1964 ; Drawin and Felenbok,
1965 ; Lochte-Holtgreven, 1968 ; Giindel, 1970, 1971). In
order to make APF independent of the choice of LIE
theory, our calculations of APF have been carried out
with AE™ values assumed as an ad hoc parameter with
0.0l eV < AE™ < 2.00 eV. The upper limit (2.00 eV) is
chosen in order to accommodate results from Unsold’s
formula (giving the highest LIE values) at N, =108 cm ™3,
whereas the lower limit (0.01 eV) may be useful if the
concept of Debye screening (producing the lowest LIE
values) is used with N, = 10'2 cm~3 and T = 40000 K.
Additional conditions on the lower limit of AE®™ and on
the upper limit of T are imposed by the fact that APF
can be used effectively only if the iron abundances in the
subsequent ionization states satisfy the inequalities
n”/n"* Y > 0.03 and n" "V > n"*2. Otherwise the r-th
ionization state is negligible in the ionization balance of
iron. Tables I, II and III list the numerical values of
U (r =1,2,3), for a wide range of the physical con-
ditions. These include every case where a given ionization
state contributes more than 19 of the atoms (or ions)
to the total number of iron atoms and ions in the medium.

3. Results and conclusions.

Our numerical values of APF for iron are never smaller
than the D-F values taken at the same T and LIE, whereas
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the ratio U"*1/U" is never greater than the correspon-
ding D-F value. This is shown, as an example, on the
right-hand side of figure 2 (c-d). The inequalities

UT, AEV) > Up2e(T, AE™)
and
U(r+1)(T, AE(H'”)/U(’)(T, AE(r)) <

< USZAT, AE"* D) US (T, AE™)

become more pronounced when T increases (at
AE"™ = const.) or when AE™ decreases (at T = const.).
The left-hand side of figure 2 (a-b) illustrates the variation .
of UM and of UP/UY values versus LIE values for
some values of T as a constant parameter. In the region
of high T and of small N, (corresponding to small LIE-
values), ie., in the conditions which we meet most fre-
quently in astrophysics, the slope of the curves is greatest.
So a numerical APF value which we take from the tables
for a given physical condition in this region, is especially
dependent on the LIE theory which we use.

Take typical conditions of a laboratory- plasma,
N, =3x10"*cm 2 and T = 10*K. If we infer the
concentration of neutral iron, n'", from the Boltzmann
law and from the measured emission coefficient of a
spectral line using our APF values and, alternatively,
D-F values, we obtain a ratio n'"/nj).= 1.86 when
Debye’s AE-value is used, or 1.26 when value of AEY
is taken according to Unsold’s theory. Employing the

n(Z)
) (T)) = 0.53 or 079,
n

e
respectively, for the same LIE-values as above. We note
that under the assumed physical conditions, one gets
n'®/n™ = 5.5, ie. the share of neutral iron in the ionization
balance of iron is still in no way negligible.

In an earlier phase of our calculations the data E
and g%} were taken from the experimental R-S table;
further E-values have been calculated using the approxi-
mation methods of quantum mechanics. For Fell and
FelV some additional measurements have become acces-
sible (numerous new levels in E-E and J papers by the
Lund group. We have carried out the APF calculations
anew combining the R-S and the Lund group data. We
can note that these APF-values (published here) differ
insignificantly from our earlier results. At high tempera-
tures U “-values are greater at most by 0.5 %, and U®-
values are smaller at most by 2.0 9. We take this as an
endorsement for the approximation methods of E-value
determination for APF-calculations.

Saha law we have

Acknowledgements.

We gratefully acknowledge the valuable remarks and
advices given by Dr. G. Traving which remarkably
improved our version of the paper.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1984A%26AS...57...43H&db_key=AST

rTI98AA&AS. - 57. - 43H)

&

J. Halenka et al.

References

DrAWIN, H. W., FELENBOK, P. : 1965, Data for Plasma in Local Thermodynamic Equilibrium (Gauthier-Villars, Paris).
EKBERG, J. O. and EDLEN, B. : 1978, Phys. Scr. 18, 107.

GrieM, H. R. : 1964, Plasma Spectroscopy (McGraw-Hill Book Co., New York).

GUNDEL, H. : 1970, Beitr. Plasma-Phys. 10, 445 ; 1971, ibid. 11, 1.

HALENKA, J., GRABOWSKI, B. : 1977, Astron. Astrophys. 54, 757.

IRwiN, A. W. : 1981, Astrophys. J. Suppl. Ser. 45, 621.

JoHANSSON, S. : 1978, Phys. Scr. 18, 217.

LocHTE-HOLTGREVEN, W.. ed. : 1968, Plasma Diagnostics (North-Holland Publ. Co., Amsterdam).

MOooRE, Ch. E. : 1949, 1952, 1958, « Atomic Energy Levels », Vol. I, II, III, Nat. Bur. Stand., Washington, Circ. No. 467.
READER, J. and SUGAR, J. : 1975, J. Phys. Chem. Ref. Data 4, 353.

SLATER, J. C. : 1960, Quantum Theory of Atomic Structure, Vol. I (McGraw-Hill Book Co.. New York).

SoBELMAN, 1. 1. : 1979, Atomic Spectra and Radiative Transitions (Springer-Verlag, Berlin, Heidelberg, New York).
TRAVING, G., BascHEK, B., HOLWEGER, H. : 1966, Abh. Hamburger Sternw. VIII, No. 1.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1984A%26AS...57...43H&db_key=AST

rTI98AA&AS. - 57. - 43H)

ATOMIC PARTITION FUNCTIONS FOR IRON

TABLE 1. — The atomic partition functions for Fel.

® [x] Lowering of the ionization energy LeV]
0.01 0.05 0.10 0.25 0,50 1.00
2000 21992 2 [,1992" 2 |.1992" 2 |.1992" 2 |.1992" 2 |.1992" 2
3000 .2302" 2 |.2302" 2 |.2302" 2 [.2302" 2 |.2302" 2 [|.2302" 2
4000 L2631 2 |,2631 2 | 2631 2 |, 2631 2 |,2631* 2 |,2631" 2
5000 L3021 2 | .3019" 2 |.3019" 2 |.3019- 2 -|.3019" 2 |,3019 2
5500 .3255" 2 |,3247~ 2 | .3266% 2 |,3245- 2 |,3245° 2 |,3245" 2
6000 3541 2 .3507" 2 L3501 2 3499 2 .3498" 2 L3697 2
6500 .3928" 2 |.3812" 2 |.3793" 2 |.3785" 2 |.3783" 2 |.3781" 2
7000 L4516 2 | ,4186" 2 | 6132" 2 |,4110" 2 |[,6103" 2 |,6099" 2
7500 L5493 2 | 4669 2 | 4536 2 | 4481 2 | 4465" 2 | 4456 2
8000 L7168 2 | ,5324" 2 |,5028" 2 |,4%07" 2 |.4873" 2 | ,4854" 2
8500 .1002° 3 | .62467 2 | ,5645" 2 |,5401" 2 |.5334" 2 |.,5298" 2
9000 L1673 3 [ 7570 2 |.6436" 2 |,5979~ 2 | ,5855" 2 | . 5791 2
9500 L2225 3 | ,9474" 2 | ,T465" 2 | 6660 2 |.,6445" 2 | ,6336" 2
10000 .3378" 3 | ,1219" 3 | 8814 2 |.,7669 2 |.7114" 2 |,6938" 2
10500 .5087% 3 |,1600" 3 |.1058* 3 |.B433~ 2 |.7871 2 |.7601" 2
11000 L7545 3 [ ,2925" 3 |.,1289" 3 |,9587 2 |.873" 2 |,8328" 2
11500 .1099" 4 |.2835" 3 [.1588" 3 |,q097" 3 |.9707" 2 |.%9124" 2
12000 1571 4 ,3776" 3 .1970" 3 L1262~ 3 .1081" 3 9995~ 2
12500 L2212" & | 5004 3 | ,2455" 3 | ,1459% 3 | 1207" 3 |,1094% 3
13000 3076 4 | ,6579~ 3 | .3061" 3 |,1692= 3 |.1349~ 3 |.,1198" 3
13500 62397 4 | ,8575" 3 |.3892" 3 |.1968" 3 |.4509" 3 |.1310" 3
14000 .5828" 4 |.1108" 4 |.4734" 3 |.2293* 3 |,1689" 3 |,1432" 3
14500 .8030" 4 J1619" 4 .5856" 3 ,2674" 3 .1893" 3 L1564 3
15000 L1116 5 | 1804~ 4 | ,7212" 3 |.3117~ 3 |,2120° 3 |.1706" 3
16000 2212 5 | .2869% 4 |.,1079" 4 |,4225% 3 |.,2661" 3 |,2026% 3
17000 .4584" 5 | .4506" 4 |.1591" 4 |.5696% 3 |.3333" 3 |.,2398" 3
18000 .9696" 5 |,7077° & |.2325" 4 |.7620" 3 |.41¢5" 3 |,2830" 3
19000 L2037 6 | 1120" 5 | ,3383" 4 | 1016~ & | 5189 3 | 3329 3
20000 L1667 6 | 1793~ S | 4932 4 | 1346 4 | 6447" 3 | 3907" 3
21000 .8220" 6 |,2892% 5 |.7221" 4 | .A779" 4 | ,7994" 3 | ,4576" 3
22000 .1564" 7 | ,4673° 5 .1062" 5 [ .2347" 4 |.9897" 3 |.,5352" 3
TaBLE II. — The atomic partition functions for Fell.
T [K] Lowering of the ionization energy [evl .
0.01 0.05 0,10 0.25 0,50 1,00
2000 (2816~ 2 |.2816" 2 |.2816" 2 |,2816~ 2 |.2816" 2 |,2816" 2
5000 L6360 2 |, 6340 2 | 4340 2 |,4340" 2 | 4340~ 2 |,4340" 2
8000 L5649 2 |.5649 2 |.5649" 2 |.5649 2 |,5649" 2 |.,5649" 2
9000 L6453 2 |.61953" 2 |.6453" 2 [.61453" 2 |.6953" 2 |.6153" 2
10000 L6705 2 |,6701" 2 |,6701" 2 |.,6701~ 2 |.6701~ 2 |,6701" 2
10500 L7004 2 |,6993~ 2 | 6992" 2 |,6992" 2 |,6992" 2 |.6992" 2
11000 L7323 2 |,7298" 2 |,7296" 2 |,7295- 2 |,729s5" 2 |,7295" 2
11500 7671 2 |,7616 2 |.,7612" 2 |.7é10~ 2 |.7610% 2 |,7609" 2
12000 L8061 2 | 7949 2 |, 7941 2 | 7937~ 2 | 7937 2 |,7936~ 2
12500 .8518~ 2 |,8299= 2 |.8285~ 2 |.8278~ 2 |.,8276~ 2 |,8275% 2
13000 .9075" 2 |.8671 2 |.8644" 2 |,B631% 2 | .8628 2 |,B627" 2
13500 L9785 2 |,9069" 2 |.9022" 2 |.B999* 2 |.,8994 2 |.,8991" 2
14000 21072 3 |.9501" 2 |.9424" 2 [.9382" 2 |.9373" 2 29369 2
14500 198" 3 | .9977% 2 |.9847" 2 |,97B2% 2 |,9767" 2 |.,9760" 2
15000 L1371 3 [,1051 3 |.1030" 3 |.,1020% 3 |,1018* 3 |, 1017~ 3
16000 ,1931= 3 .1182" 3 J1134" 3 L1110 3 | 1105 3 ,1103~ 3
17000 L2961 3 | ,1364% 3 | 1262 3 |.,1212" 3 [.1201" 3 |.1196" 3
18000 47737 3 16277 3 .1426" 3 .1328" 3 L1307" 3 297" 3
19000 L7822 3 |,2012" 3 | ,1644" 3 | 16464 3 | 1426 3 1408 3
20000 L1273~ 4 | 2577~ 3 | 1938~ 3 | 1627 3 | 1561 3 | 1530 3
21000 ,2037= 4 |,3395- 3 | . 2338« 3 |,1825- 3 |.1716= 3 |,1665= 3
22000 L3196 4 |,4569" 3 | ,2880" 3 |.,2067" 3 |.1895" 3 |.,1816" 3
23000 Jegb2m 3 6191" 3 .3609" 3 «2366" 3 .2105" 3 .1986" 3
24000 L7591 4 L8436" 3 . 4580" 3 L2737 3 .2351" 3 2177 3
25000 171705 | 1149 6 | 5859 3 | 3195- 3 | 2642% 3 | 2392 3
26000 .1836" 5 |,1561 & |.?527" 3 |.3761 3 |.2984" 3 |.,2637" 3
27000 L2965 5 |,2196" 4 | .9686° 3 | 4457 3 |,3388" 3 |.2914" 3
28000 L6847 S | 2869 4 | 1247 4 | .S311~ 3 | 3864 3 | 3229 3
29000 ,8148~ 5 L3900~ 4 L1606 4 ,6355» 3 Lbb26" 3 ,3588" 3
30000 ,1387" 6 .5330" 4 ,2069" 4 J629~ 3 ,5086" 3 |,3995" 3
31000 L2367 6 | .7342" & | .,2670° 4 |,9185* 3 | ,5862" 3 | ,4458" 3
32000 240227 6 [,10217 S [ <3455 & |.1108 4 |.6774" 3 | .4984" 3
33000 L6764 6 | 1434~ 5 | 4491 & | ,1361" 4 | 7844 3 | ,5583" 3
34000 JA126% 7 [,20%30" 5 |.5868" 4 | 1626~ 4 | ,9101" 3 |,6264" 3
35000 L1842 7 | 2892 5 | 7709% & |,1977- 4 | 1058~ 4 | 7040" 3
36000 29867 7 |,4134% 5 | ,1018" 5 |[,2610" 4 |,12327 4 |.7923" 3
37000 6800”7 [45%996" 5 {13517 5 |.2949" 4 | 414377 4 |.8929 3
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TaBLE II1. — The atomic partition functions for Felll.

T (K] Lowering of the ionization energy [eV]
0.05 0.10 0.25 0.50 1.00 2,00

2000 .1906" 2 .1906" 2 ,1906" 2 L1906" 2 .1906" 2 .1906" 2
8000 .2531" 2 |.2531" 2 |.2531" 2 |[,2531 2 |.2531" 2 |[.2531" 2
12000 .3208" 2 1.3208" 2 |.3208" 2 [.3208" 2 |.3208" 2 |.3208" 2
14000 L3652 2 | 36527 2 | 3652~ 2 |, 3652~ 2 |,3652" 2 | ,3652" 2
15000 .3895~ 2 | 3895" 2 | 3895" 2 |.3895~ 2 |.3895" 2 |[.3895" 2
16000 G169 2 16149 2 | 61469 2 | 4149 2 | ,4169 2 | 4149« 2
16500 L4280" 2 |.428p" 2 | .4280" 2 |.428p~ 2 |.4280" 2 [.4280" 2
17000 Le616" 2 [ 46167 2 | 66167 2 | 6414 2 | 6414 2 | 4416 2
17500 L4551 2 |,4551" 2 | ,4551 2 |,4551~ 2 |,4551~ 2 | 4551 2
18000 L4690 2 | 4690 2 | 4690 2 | 4690 2 | 4690~ 2 | 4690~ 2
18500 J4832" 2 |,4832" 2 | .4832" 2 | ,4832" 2 |.4832" 2 |,4832" 2
19000 49777 2 149767 2 | .4976" 2 | L4976% 2 | .4976" 2 |.4976" 2
19500 L5124~ 21,5123~ 2 |.5123" 2 |,5123 2 |.5123~ 2 |,5123* 2
20000 ,5275" 2 | ,5273~ 2 | 5272~ 2 |.,s272% 2 |.s2r2~ 2 | 5272 2
21000 .5585~ 2 |,5581~ 2 |.5579 2 |.,5579~ 2 |,5579~ 2 |,5578~ 2
22000 259211 2 |.5%01" 2 |.S5897" 2 |.5896~ 2 |.5896" 2 |.s5895" 2
23000 .6258" 2 1.,6236" 2 |.6228" 2 |.s225 2 |.e224" 2 |,6224" 2
24000 L6633 2 | 6589 2 | 6571 2 | 6567~ 2 | 6565 2 |, 6564 2
25000 L7050 2 |,6964" 2 | 6931" 2 |,6922 2 |.6919" 2 | _6917" 2
26000 L7530 2 |,737q9% 2 | 7309 2 |.,7292 2 |.7286" 2 |,7283" 2
27000 .8102" 2 |, 7819~ 2 | 7710~ 2 | . 7680~ 2 |, 7670 2 |, 7663~ 2
28000 ,8807" 2 [ 8324~ 2 [ ,8139~ 2 | 8088~ 2 | 8070 2 |[,8060" 2
29000 .9703" 2 |.8908~ 2 |.8603" 2 |,8519~ 2 |.8491~ 2 |,8473~ 2
30000 1087 3 |.9597° 2 |.9112" 2 ,8978" 2 |.8933" 2 [.8995" 2
31000 21260" 3 |.10437 3 [ .9676" 2 |.9469" 2 |.9401" 2 |.9358% 2
32000 L1642 3 1 1145 3 | 1031 3 |,1000 3 |.9897 2 | ,9834 2
33000 LA709% 3 | 1271 3 | 1104 3 | 1058« 3 | 1043" 3 | 1033" 3
34000 L2062 3 |,1428~ 3 [ .1187 3 |,1121= 3 |,1099~ 3 |,1086~ 3
35000 «2523" 3 [.1625" 3 [.1284" 3 |.1191" 3 |.1160" 3 |.1142" 3
36000 L3124 3 [ 1871 3 | ,1397" 3 |.12¢8" 3 |.122¢" 3 |[.1201" 3
37000 L3899 3 |,2179" 3 | .,1531" 3 | 1355 3 | 1298~ 3 | 1264~ 3
38000 L6894~ 3 | 2563 3 | 1689 3 | 1453 3 | 1376 3 | 1331 3
39000 L6164" 31,3039 3 | ,1876" 3 | ,1563" 3 | .1462" 3 |.,1403" 3
40000 L7780" 3 | .3638" 3 ].2097" 3 |.1687" 3 |.1556" 3 |,1479" 3

(VII)

[10“cm’"]

E

E [10°cm'] (Fe V)

FIGURE 1. — The excitation energies for terms of FeV plotted against corresponding quantities of VII.
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FIGURE 2. — Partition functions for iron versus Fel lowering of ionization energy. For explanation see text. The curves are plotted
in the logarithmic APF and AE‘? scales, at constant value of temperature as a parameter. The Unsold relation AE® = 23 AE™D
is used.
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