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Experimental levels of the configurations 3d"4p in the third spectra of the iron group were com-
pared with corresponding calculated values. Besides the electrostatic and spin-orbit interactions the
al.(L+1), BQ and T corrections were considered in the individual and general treatments. The inser-
tion of the parameters 8 and 7' improved the results by about 25 percent. The root-mean-square (rms)
error on fitting 581 experimental levels by means of 21 free interaction parameters was 138 c¢m ',

Altogether 912 energy levels were predicted.
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1. Introduction

Individual and general treatments of the configura-
tions 3d"+3d""'4s in the third spectra of the iron
group were considered by Y. Shadmi [1]. Preliminary
investigations of some configurations 3d"4p in the
third spectra of the iron group were performed by
Shimoni, Hollander and Abraham [2—4].

Racah and Trees [5-7] have shown that second
order effects caused by perturbations on the config-
uration In by configurations differing from In by two
electrons can be described by a model interaction of
the form

2&(11 . 13) +B(I12,

where ¢» is the seniority operator |8]. For the configu-
ration d" this becomes

a[L(L+1)—6n]+ B0,
where Q is the total seniority operator [8]. If the con-
stant —6na is incorporated into the height of the
configuration the above correction reduces to

al (L+1) + B0.

The al.(L+1) correction was first introduced by
Trees [5]. The effect of the BQ correction was studied

*An invited paper. The major part of this paper is based on a chapter of the author’s
doctoral dissertation, the Hebrew University of Jerusalem, Israel.

by Racah and Shadmi [9] in the even configurations
(3d+4s)" of the second spectra of V, Cr, and Fe.

Trees and Jorgenson [10] have shown that the
main perturbing configuration on 3s23p%3d" is the
configuration 3s*3p*3d"+2. Trees [11] also remarked
that the configuration 3s3p®3d"*! should give a per-
turbation of the same magnitude as 3s?3p*3d"+2. This
perturbation is not included in 2«a(1;- 1)+ Bqi2,
since now the configurations differ by only one electron.
By second-order perturbation theory this effect de-

2

pends upon the ratio where H is the interaction

A—Ev_7

parameter that appears in the nondiagonal term,
H__R2(3d3d, 3d 3s)

N 35 ’

and AE is the energy difference between the two con-
2

figurations. The parameter —— is denoted by 7. When

AE

calculating the model interaction one uses second-
order perturbation theory of degenerate configurations
which permits the introduction of these interactions be-
fore diagonalizing the energy matrices of the separate
configurations. Hence the algebraic matrices of T
are not diagonal. It should be noted that T" represents
a three-body interaction whereas « and B represent
two-body interactions.

Rajnak and Wybourne [12], by using second-order
perturbation theory obtained expressions for the
matrix elements of the electrostatic interaction be-
tween the ¢" configuration and the different species
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of perturbing configurations differing from ¢” by one
or two electrons or electron-holes. Effective three-body
interactions were considered to account for the per-
turbation due to one-electron excitations. Racah and
Stein [13] developed an elegant method which con-
siderably simplified the calculations of Rajnak and
Wybourne.

The electrostatic and spin-orbit interaction matrices
for the configurations d"p were available from the
matrix library at the Hebrew University. To these
matrices the author added the algebraic matrices of
the parameters 8 and T using the program ADDCONF
of Racah.

In the first part (the individual treatment, ILS), the
algebraic matrices multiplied by radial parameters
are diagonalized using the program of Racah [14].
Besides the eigenvalues, the diagonalization routine
also yields the derivatives of the eigenvalues with
respect to the parameters, the squares of the eigen-
vectors (percentage compositions) and the calculated
Lande g values. The appropriate experimental levels
are then fitted to the eigenvalues and using the deriva-
tives obtained in the diagonalization, a least squares
optimization of the parameters is performed. In these
calculations the improved values of the theoretical
energy levels, the corrected values of the parameters
including their statistical deviations and the sum of
the squares of the differences between the observed
and calculated levels are obtained.

Where the A; are the differences between the observed
and calculated levels, n is the number of known levels,
and m is the number of free parameters, the rms error

A defined as

is also given by the least squares routine. The same
derivatives can be used for several variations in the
least squares either imposing different conditions on
the parameters or inserting the experimental levels
with different assignments. These latter variations are
particularly important since they help to determine
whether certain experimental levels may be inserted
with changed assignments, or in some cases even
rejected. The parameters of that variation which yields
the best results are used to perform a new diagonaliza-
tion. This iterative process is continued until mathe-
matical convergence is attained.

If the parameters obtained from the individual treat-
ments can be expressed in terms of simple interpola-
tion formulas a general diagonalization is performed.
Then in the general least squares (GLS) all the con-
figurations 3d"4p are considered as one problem by
forcing the interaction parameter to vary linearly, or
perhaps linearly with small quadratic corrections.

2. Parameters

For the d—d interaction the Slater parameters
F? and F* were replaced by

B=ﬁ [9F%(dd) —5F*(dd)] = F.(dd) —5F.(dd)
=D g ) =
C—63 F*(dd) =35F(dd).

For the d—p interaction the parameters Fs, G;, and
G; are given by

5

245 &°(dp)

1 1
F2=£ F?(dp), G, =15 G'(dp) and G3=

The parameters of the spin-orbit interactions for the
electrons d and the electron p are denoted by {; and
{p, respectively. The three correction parameters
mentioned previously are denoted by «, B, and T.
Finally, the additive parameter chosen to normalize
to zero the lowest energy value for a particular con-
figuration, is denoted by A4.

3. Discussion and Results

By extrapolating and intrapolating the results of
Shimoni, Hollander and Abraham [2—4], approximate
initial values for the parameters of the individual
treatment were obtained. Since the effects of the
parameters 8 and 7 had not been considered pre-
viously for the third spectra, they were inserted initially
here with a value of zero. However, since derivatives
with respect to these two parameters were obtained it
was possible to study the effects of 8 and T by letting
them vary freely in the least-squares. After two itera-
tions in the individual treatments of all the configura-
tions mathematical convergence was attained for all
the parameters. Then on the basis of the results from
the individual treatments a general diagonalization
was performed in which the parameters B, C, F,,
G1, Gs, a, and {, varied linearly, whereas {; had in
addition a small quadratic correction. The parameters
B and T again had an initial value of zero.

The configurations d"p consist of 372 theoretical
terms splitting into 912 levels. In the general least-
squares 225 experimental terms splitting into 581
levels were inserted. The rms error with 8 and T
eliminated was 180.3 cm™! (28 free parameters)
whereas when 8 and T were allowed to vary linearly
the rms error was reduced to 138.4 cm™! (32 free param-
eters). The values of B and T in the latter variation
were

B(d'p) =—285=+22— (45+20) (n—5)
T(d'p)=—3.2+0.2—(0.6+0.2) (n—5)
the uncertainties in these parameters and those fol-
lowing in the text and tables are the rms deviations

obtained in the least squares optimization of their
values.
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Since a and B take into account second order
effects by two-body interactions we would expect
that if 8 be allowed to vary the value of a should drop.
That is indeed the case as in the variation with 8 and
T eliminated « had values (in units of cm™1)

a;=82%x1+(1.2+0.9) (n—5),
whereas by letting 8 and T vary linearly in the GLS
we obtained

a,=56*+1.8—(2.5%x1.4)(n—5).

In addition C increases when B is inserted. With 3
and T eliminated the value of C in the GLS was
C(d'p)=3920.8+6.3+ (287.1=5.5) (n—5)

whereas by letting 8 and T vary linearly in the GLS
we had

C(d"p) =4062.2+9.9+ (327.8+8.6) (n—5).

This result also is as expected since if we consider
the basis configuration d* the only term affected by 8
is 'S, which contains 7C.

In figures (1-8) we give values of the parameters
versus atomic number obtained from the individual
least squares (the vertical lines indicate the rms
errors in the values of the parameters). The straight
lines (and the "parabola for {4) give the values of the
parameters from the general least squares. From the
graphs it is apparent that the assumption of linearity
(with a small quadratic correction for {4) is valid here.

Unless specified otherwise the source of the experi-
mental data is “Atomic Energy Levels,” Vols. I and
II by C. E. Moore [15], henceforth referred to as
AEL.

The numerical values of all levels and parameters
are in cm’.

We now wish to discuss briefly the results for each
configuration.

Sc1ii—4p. This configuration consists of only 1
term splitting into 2 levels. It is useful in providing a
value for the parameter (.

Titnn—3ddp. In the configuration dp there are 6
terms splitting into 12 levels, all of which are known
experimentally for Ti 111

In the individual least squares we fitted the 12 ex-
perimental levels to the theoretical levels with the
same assignments as in AEL. The 4 electrostatic
parameters A, Fs, G;, and G; were used to determine
the 6 terms. The rms error obtained was 162. Further-
more, all the 12 levels fitted very nicely in the GLS.
This result is significant and indicates that the inter-
action with the configuration sp is not strong here.

V111—3d*p. In the configuration d?p, there are 19
terms splitting into 45 levels. In the paper by Iglesias
[16], 18 observed terms splitting into 43 levels are
given—the only term missing is ('SPP.

The only change in assignment was

(F)z2Ds <— (3F)z*Ds
2

Without the exchange, the deviations of these two
levels were —680 for zZD and 410 for z*D With the

exchange the dev1atmns were reduced to —152 and
— 128 respectively. In addition, the eigenfunctions of
the two levels are strongly mixed.

Since there are no levels based on the core d*'S,
we can only have a maximum of 4 electrostatic param-
eters of d* to satisfy the 4 terms 3P, 'D, 3F, and 'G.
These 4 parameters are A, B, C, and «. If we give
either 7" or B8 freedom then the problem is overdefined.
In the individual least squares the mean error in fitting
43 levels with B8 and T' eliminated was 135.

Crur—3d*4p. In the configuration d*p there are 48
theoretical terms splitting into 110 levels. In AEL,
there are 27 observed terms splitting into 74 levels.
We found it necessary to reject 7 experimental levels.

The following is a list of the 7 levels neglected with
their approximate deviations had they been inserted
into the last GLS

Name Value Deviation
(*F)z°Dy 95779 — 810
(2G)z'G, 114355 1160
(H)y'G, 117099 —2090
(®G)z'H; 117187 3840
CFw3D, 138362 5740
(CFw3Dy 138976 6710
(b*D3Fy 150972 1680

In the individual least squares, the deviation ob-
tained for the level (*F)z’D, was —625, whereas the
other levels of 22D fitted with deviations of less than
50. Thus we felt justified in neglecting the level z°D,.
The levels (G)z'G,y, CH)y'G,, (*G)z'H; and (*Fw?D., had
deviations higher than 1000 in the individual least
squares, and were thus rejected. In the individual
least squares we considered the variation of assigning
the level (B2Dy?F; to (6*°D)'F;. However, this required
that B8 have a value of —590, whereas the value of 8
from the GLS is —195. With the latter value of 3, the
deviation obtained on assigning v*F; to (b*F)'F is
— 1056, and thus too high to be considered.

The following changes in assignment were performed

(a*F)z°D, «— (a'F)°F,
AEL (a*P)z3P, — @)
AEL (@'P)y’Do,. ——— (P)z*Py, »

AEL (G4P)}/:;D1,2,3 e, -(2P)Z3D1, 28

N
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In the first three cases the eigenfunctions of all the
levels concerned are mixed considerably. The term
(*PpD is definitely higher than the term (*PyD.

By neglecting the level (2D)u3F; at 150972, it was
found that 8 and T did not suffer any appreciable
change. Thus, the best result in the individual least
squares was obtained on fitting 22 terms splitting into
67 levels with 7 electrostatic and 2 spin-orbit param-
eters, to yield a mean error of 136.

Mn 111 —3d*4p. The configuration d*p comprises 68
terms splitting into 180 levels. In AEL there are only
6 observed terms, all based on d*°D, which split into
25 levels. No individual least squares were performed
as then we would have to keep the parameters «, B,
and C fixed. The 25 observed levels fit very well in
the GLS with the same assignments as in AEL.

Fetn—3d*4p. In the configuration d°p there are
88 terms splitting into 214 levels, of which 75 terms
splitting into 189 levels are known experimentally for
Fe 1. All the observed levels fit well with the follow-
ing changes in assignment:

(a*P)z”’D;; (—)(04G)ZSF3

(a?1) 2%, 7

<~ (a®1)z°Ks, 7

(a*F)y°Gs <—— (a?F) »*G;

AEL (*F) #F;—— (b’F)w!'Gy

AEL (a?H)x'Gy—— (b2F) ’F,4

It should be emphasized that in each of the changed
levels the composition is never pure, but contains a
contribution of that level which has the same assign-
ment as that given in AEL. In general the mixing in
this configuration is very strong. Racahi [17] has
shown that for d°, or equivalently for d°p, all diagonal
second-order effects are well represented by two-body
interactions. Thus, the parameter T has little if any
significance here. In the individual least squares the
mean error was 186 with B8 eliminated, and 144 when
B was allowed to vary freely. Then B assumed a value
of —292 +23.

Co111—3d54p. From 68 theoretical terms splitting
into 180 levels there are 33 experimental terms split-
ting into 95 levels.

The two levels (‘P)y‘P and (3

with question marks in AEL As they would yield
deviations of around —800 and —600 respectively, if
inserted into the GLS, they were neglected.

The following changes in assignment were per-
formed:

P) ZDj are given

(:;H )Z4H9. 1s

) (ZiH)zAL 11

9. 11,13
21 2 2

(S

(3G)x'Gy <

2

(ll)szs;_

(3G)x'Fy
2

5 T (Al(y)w2H3 11
2 2 2

v

D

AEL (3P")z'S; —> (B*P)'D,
2 2

AEL (*P")x*P5; — (B®P)*Ds
2 2

In each of the first three exchanges there was con-
siderable mixing of the eigenfunctions involved.

The calculated values of the levels (B*P)*S; and
2
(B*P)*P;5 are 161611 and 164334, respectively. Thus,
2)
the two levels 4Sg and x*P cannot be fitted to the

theoretical levels w1th the same assignments. The only
possible assignment for the level (*P")z*S is the the-
oretical level consisting of a mixture of (B*P)*Ds

and (B3F)*Ds. In the GLS the deviation for this levezl
2 .
is —282. Similarly the level (*P')x*Ps was assigned to
2

| o

the same theoretical term as z*S with J equal to
giving a deviation of 120 in the GLS.

In the individual least squares B and T have a
marked effect. On fitting 93 levels using 7 electro-
static parameters and 2 spin-orbit parameters (8 and
T eliminated) the mean error was 176. When 8 and T’
were allowed to vary freely, the mean error was re-
duced to 130. The values of 8 and T in that variation
were

B=—424+86
T=—4.8+06

Ni1in—3d4p. From 48 predicted terms splitting
into 110 levels, Shenstone [18] gives 43 experimental
terms which split into 95 levels. The following 3 levels
were rejected:

(Py*P, at 141112.5?
(6*D)u?Ds at 173062.07
(6*D)u*Ds at 172916.97

The calculated level ?P)PP, is at 133902, and since
for J equal to 2 all the theoretical levels in the vicinity
of 141000 have corresponding experimental levels,
the level ?PyP, was rejected. Similarly the calculated
levels (b2D)u?D,, 5 are at 183976 and 184740, respec-
tively, and since there are no theoretical levels in the
vicinity of 173000, the levels u?D,, 3 could not be in-
serted into the least-squares calculations.

Shenstone [18] mentions that two strong lines
should be due to transitions between the odd levels
2317, zHg and the even levels a3Hgs, a?Gs. Shenstone
then attributes these two lines as being due to a*G; —
z2Hg (56304.2 cm™') and a*Hg—2z%1; (57044.7 cm™!).
Thus, he obtains the levels (*G)z*Hg at 131428 and
((H)z*1; at 138731. However, from our initial diagonali-
zation the level (?H)z3l; was at 137842 and the level
(*G)z3Hg was at 131901. This shows that the transitions
to which Shenstone attributes these two lines should
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be interchanged. Then one obtains the experimental
levels *H)z*1; at 137990.6 and (*G)z*Hg at 132168.9. In
the GLS these fitted with deviations of 154 and 263,
respectively.

As suggested by Professor Racah the two strong
lines given by Shenstone at 147723 em~!' and 145094
cm~!' correspond to the transitions (2F)'F;—a'D, and
(F)'F3—a?P,, respectively. Then it follows that the
experimental level ((F)'F should have a value of 161755.
In the GLS this level fitted with a deviation of only
20. The following changes in assignment were per-
formed:

1. (‘P)y*Ds, 5 (*P)z°P2, 3

2. Shen. (*P)z3P,

—

(*P)'Sy

3. Shen. ?P)'P, (PyS,

4. Shen. *P)y*P, *P)P,

5. CFw’F, (Fn'D,

6. (ZI:)W:{F;; (2F )1)3 D;;

7. Shen. CFw?F, (CFPG,

In the first case there is considerable mixing be-
tween the eigenfunctions of (*P)?*D and (*P)z>P. The
predicted level (‘PpPy is at 135695 c¢cm~!, and thus
the experimental level z*P, at 138147 c¢m~' cannot
be assigned to the theoretical level with the same
term designation. This level fits quite well to the
theoretical level (*P)'S as indicated by change 2. It
should be noted that the eigenfunction of (*P)'S
contains 39 percent of (*PyP.

A variation was considered to fit the level (*P)z'P
to the theoretical level with the same term designation
and perform the change (*P)y*P, — (*P)}S,. However,
the deviations for both levels were much larger than
the deviations with changes 3 and 4 (=167 for the
level *PPS and 22 for the level (*P)z'P).

When the levels of the term CF)u’F were assigned
to the theoretical levels of the same term designation,
the deviations were almost 1000. Since such high
deviations are completely incompatible with the other
results obtained, we performed the changes 5, 6,
and 7, thus completely splitting the term (CFu’F. It
-should be noted, however, that in all these changes
the parent, 2F, remains the same.

In the individual least squares, on inserting 93
experimental levels with 8 and 7" eliminated, the mean
error was 169. When B and T were allowed to vary
freely the mean error was reduced to 136. In that
variation the values of 8 and T" were

B=—413%63
T=—4.9%+0.6.

Cu 111 —=3d%p. Of the 19 predicted terms of d%p,
the only experimental term missing in Cu 111 is ('S)?P.

The only change in assignment was

(®P)x*D; <> (°P)y?P;.
3 >

2

The eigenfunctions of these two levels are strongly
mixed.

As for d?p. since there are no levels based on the
parent (d?)'S, it is not possible to let either 8 or T
change freely.

In the individual least squares, the mean error on
fitting 43 levels with B8 and T eliminated was 126. For
the values of B8 and T fixed at —427 and — 4.9 respec-
tively (the values obtained for those parameters in
the first GLS) the mean error dropped only to 125.

This result is as expected since the inclusion of 3
affects only the term d*®('S), which is not known
experimentally, and T reduces in this case to a two-
body interaction, the effect of which is absorbed by
the other d® parameters.

Zn 11 —3d"p. In this configuration all 12 predicted
levels are known. The following changes in assignment
were performed:

1. *D, < 'D,
2. 3Dy © 'F;.

In both cases there was mixing between the eigen-
functions of the levels involved.

In the individual least squares using the 4 electro-
static parameters A, F,, G;, and G; as well as the 2
spin-orbit parameters {4 and {,, the mean error was
105.

Gani—3d'"4p. Like Scur—p this configuration
consists of only 1 term splitting into 2 levels, and is
useful in providing a value for ¢,.

4. Table Entries

The numerical values of all levels and parameters
given in the following tables are in units of cm~!

1. Parameters: Tables 1-10

In the general diagonalization all the parameters
with the exception of {; had approximate expressions
of the form

P(d'p) =P+ (n—5)AP.

In the general least squares then only P and AP
were the independent parameters.
For {4 we had

Crl(d"P) = €d+ (n—S)Al€d+ [(n—S)')—lO]Ang

Here {4, A1y and Axly were the independent
parameters in the general least squares.

The numerical values of the parameters for the
initial general diagonalization are given in the column
GDIAG 1.

The columns ILS1 and GLS1 give the values of
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the parameters of the initial iteration with 8 and
T eliminated, in the individual and general least
squares, respectively. The columns ILS’1 and GLS’1
give the values of the parameters of the initial itera-
tion with B8 and T free to change in the individual
and general least squares respectively.

The parameters as given in GLS’1 were taken for
the general diagonalization of the final iteration. The
column GLS2 gives the values of the parameters
in the general least squares of the final iteration.

TABLE 1. Parameters of Tiinn—3d4p

Parameter GDIAG 1 ILS 1 GLS 1 GLS" 1 GLS’ 2

79440 78917 £52 78938 79016 78999

460 43710 443 442 441

410 423+13 409 408 407

50 48+4 48 49 50

84 Fix 84 78 66 68

115 154 +58 136 135 139

359 379 =206 334 336 328

162

TABLE 2. Parameters of V 111—3d*4p

Parameter GDIAG 1 LS 1 GLS 1 GLS' 1 GLS' 2
A.. 95958 95900 + 43 95992 96387 96313
B.. 911 880+4 903 918 915
C. 3062 3183+33 3060 3091 3078
F. 466 454+4 452 | 451 450
G 410 416+5 408 407 405
G 52 49+2 51 51 51
a. 84 72+5 79 63 62
B. 0 Fix 0 Fix 0 )50 —150
T. 0 Fix 0 Fix 0 =ilg =12
@ 177 220+ 24 206 207 208
& 442 371 +64 420 414 406
A 135

TABLE 3. Parameters of Cr 111—3d34p

Parameter GDIAG 1 ILS 1 GLS 1 GLS" 1 GLS' 2
A 113164 113160 = 70 113142 113633 113559
B 966 962 +4 960 969 966
€ 3350 3354 =21 3347 3417 3406
F, 472 458 =7 461 460 459
G, 410 403+6 407 406 405
Gs 54 S7x2 53 53 53
a 84 813 80 61 63
B 0 Fix 0 Fix 0 —254 =195
T 0 Fix 0 Fix 0 22 =110
La 5 272+28 290 292 291
& 525 496 =58 496 492 486
A 136

TABLE 4. Parameters of Mn 111 — 3d*4p

Parameter GDIAG 1 | GLS 1 GLS" 1 GLS' 2
A 138047 137848 | 138256 138187
B 1021 1015 1019 1017
C 3638 3634 3743 3734
F. 478 470 469 468
G, 410 406 405 404
Gy 56 54 54 54
a 84 81 58 60
B 0 Fix 0 [ —289 —210
T 0 Fix 0 —paf] =25
La 355 385 389 387
s 608 572 570 562

TABLE 5. Parameters of Fe 111—3d34p

Parameter| GDIAG 1 TIESS] JESA] GLS 1 GLS" 1 GLS' 2
A 126350 125832 +91 125710 =74 125843 | 125781 125725
B 1076 1071 %2 1068 =2 1071 1070 1068
(& 3926 39209 4071 =9 3921 4069 4062
F, 484 477+4 474+3 479 478 477
G, 410 404 +4 3073 405 403 403
Gs 58 5551 ST=11 56 56 56
@ 84 82=+1 2551 82 56 57
B 0 Fix 0 —292:-:93 Fix 0 =873 =285
0 0 Fix G Fix 0 Fix 0 -3.3 3.2
La 471 484+ 30 521 +23 494 498 494
& 691 730+43 692 + 34 648 648 640
A 186 144
TABLE 6. Parameters of Co 111—3d%4p
Parameter | GDIAG 1 ILS 1 ILS" 1 GLS 1 GLS" 1 GLS' 2
A 131330 [131748 =131 | 131593 = 106 131512 | 131544 131507
B 1131 1139 +6 112035 1127 1121 1119
(8 4214 4177 +15 4426 + 32 4208 4395 4390
F, 490 506 =5 497 +4 488 486 486
G, 410 412+6 403+5 403 402 402
Gy 60 5512 571 57 58 58
a 84 88 +3 47+6 83 59 55
B 0 Fix 0 —424+86 Fix 0 — 358 — 330
T 0 Fix 0 —4.8+0.6 Fix 0 iRkt o0
La 605 641 =30 672 +30 615 621 617
& 774 662 + 56 672 +43 724 727 718
A 176 130
TABLE 7. Parameters of Ni 111—3d74p
Parameter| GDIAG 1 ILS 1 ILS" 1 GLS 1 GLS" 1 GLS' 2
4 129516 129509 =52 | 129715+47 129556 | 129751 129733
B 1186 1176 =4 1166 +3 1182 1171 1170
& 4502 4530+ 18 4762 + 32 4495 4721 4718
F. 496 499 +5 499 =4 497 495 495
Gy 410 395+5 398 =4 403 401 401
Gy 62 59*2 58+2 59 59 59
a 84 83+3 49+5 84 51 52
B 0 Fix 0 —413+63 Fix 0 —393 =25
i 0 Fix 0 —4.9x0.6 Fix 0 —4.4 —4.2
La 757 703+ 26 726+ 18 750 155) 751
& 857 772 +54 75538 800 805 796
A 169 136
TABLE 8. Parameters of Cu 111—3d84p
Parameter GDIAG 1 ILS 1 GLS 1 GLS" 1 GLS" 2
A 131863 131864 =45 131847 132120 132123
B 1241 T 1238 1222 1221
@ 4790 4782 5047 5046
F, 502 507 504 503
G,y 410 402 400 401
Gy 64 60 61 61
a 84 86 48 49
B 0 Fix 0 —427 —420
T 0 Fix 0 —4.9 —5.0
La 927 397 902 898
Z 940 877 883 874
A
TABLE 9. Parameters of Zn 111—3d%p
Parameter GDIAG 1 ILS 1 GLS 1 GLS" 1 GLS' 2
A 142734 142277 =39 142285 142529 142531 °
F, 508 504 +6 516 513! 512
Gy 410 408 +6 401 398 399
Gy 66 60+6 62 63 62
a 84 Fix 84 87 46 46
La 1215 1095 +39 1056 1062 1059
& 1023 1013 +72 953 961 952
A 105




TABLE 10. General parameters of the third spectra of the iron group

Parameter GDIAG 1 GLS 1 GLS" 1 GLS' 2
B 1076 1071.4=x 1.5 1070.0+ 1.3 1068.5+ 1.3
AB 55 55.8% 1.1 50.6= 0.9 50.9+ 0.9
C 3926 3920.8+ 6.3 4068.8+10.0 4062.2+ 9.9
AC 288 287.1+ 5.5 326.0+ 8.5 327.8+ 8.6
F, 484 479.3% 2.2 4775+ 1.8 477.0+ 1.8
AF, 6 9.3+ 1.1 8.8+ 0.9 8.9+ 0.9
G, 410 404.8+ 2.1 403.4+ 1.7 402.7+ 1.7
AG, 0 —0.9= 1.1 —1.3% 0.9 ~1.0+ 0.9
(& 58 55.6= 0.7 56.0+ 0.6 56.0+ 0.6
AGy 2 1.5+ 0.5 1.6+ 0.4 1.6+ 0.4,
« 84 82.2+ 1.1 55.9+ 1.8 57.4% 1.7
Aa 0 1.2+ 0.9 25+ 1.4 -29+ 1.4
B 0 Fix 0 5+23.6 —285.0+21.7
A 0 Fix 0 5+20.2 —45.1+20.5
T 0 Fix 0 SN0 —3.2+ 0.2
AT 0 Fix 0 —0.5+ 0.2 —0.6+ 0.2
la 561 558.0+17.5 560.9+13.8 560.3+13.5
Aila 125 115.2+ 5.1 1159+ 4.1 1154+ 4.0
Asla 9 6.4+ 2.5 6.3+ 2.0 6.5+ 2.0
{2y 691 648.2+22.6 648.4+17.9 639.5+17.7
Ay, 83 76.3+11.0 78.1+ 8.7 78.1+ 8.6
A 180.3 140.1 138.4
.
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FIGURE 1. Parameter B(dd) versus n for 3d"4p configurations
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2. Levels: Tables 11-21

In the column “NAME” the calculated designation
of the term is given. Whenever terms of the parent d"
have different seniorities these are denoted by the
letters A and B (for d?2D by A, B, and C), the higher
calculated term being designated by A. Whenever a
calculated term has a corresponding experimental
term, the small letters z, vy, x are used as in
AEL[13].

The entries in the columns “J”, “OBSERVED”,
and “CALCULATED” are self-evident. In the col-
umn “PERCENTAGE”, for each calculated level
either the three highest contributions or all those
contributions exceeding 7 percent are given.

TABLE 11.  Observed and calculated levels of SC 111 4p
Name At Percentage AEL | Observed ICalcu- | O—C |Lande
lated (65
ip 1/2 100 62102 | 62152 —50 0.667
3/2 100 62576 | 62526 50 1,333
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TABLE 12.

Observed and calculated levels of Ti 11 3d4p

Name J Percentage Observed [Calcu- | O—C [Lande
lated {65

D)'D 2 98 75197 | 75413 |—216 0.997
=Di*D 1 100 77000 | 76926 74 0.501
2 95+ 4(:DyF 77167 | 77096 71 1.144
3 93 +6(:D)yF 77424 | 77334 90 1.317
D)i*F 2 94 +5¢:DyD 77421 | 77444 —23 0.693
3 94 +6¢:DyD 77746 | 77728 18 1.100
4 100 78159 | 78107 52 1.250

(D),*P 0 100 80944 | 81010 | —66
1 99 80938 | 81011 | —73 1.496
2 100 81024 | 81086 | —62 1.499
¢D)e'F &) 100 83117 | 82791 | 326 1.000
(D)z'P 1 99 83796‘J 83987 (—191 1.003

TABLE 13.  Observed and calculated levels of V 111 3d24p
Name J Percentage Ob- | Calcu- [ O=C | Lande
served | lated (B

R 5/2 98 85524 [ 85539 | —15 | 0579
7/2 99 85876 | 85871 5 0.986
9/2 100 86306 | 86279 27 1172
11/2 100 86809 | 86753 56 1.273
(F)4F 3/2 98 86717 | 86651 66 0.407
5/2 99 86938 | 86866 72 1.028
7/2 99 87219 | 87147 02 1.236
9/2 99 87544 | 87490 54 17332
5/2 | 85+ 6('D)2F + 4(3F)2D 87881 | 87952 =7l 0.878
7/2 | 88+ 5('D)F + 53F)*D 88328 | 88424 —96 1.156
({250 3/2 | 59+ 29¢3F)*D + 93P D 88559 | 88720 | —161 0.913
5/2 | 52+ 350FyD + 9(*P1D GF)z2D | 89458 | 89610 [ —152 1.260
(F)z*D 1/2 | 96 + 4(3F)*D 8900€ | 89026 =0 0.001
3/2 | 67 +25(F 1D + 4(3P 2D 89193 | 89264 =7 1.080
5/2 | 59 + 28¢F1D + 5(3F pF 88944 | 89072 | —128 1.285
7/2 | 91 +4CFRF + 4¢F)*D 89418 | 89520 [ —102 1.414
(GF)2G 72 96 91710 | 91483 227 0.890
9/2 96 92053 | 91871 182 112
(P)z*S 1/2 99 94714 | 94906 | —192 1.992
(BP)z'S 3/2 | 14+ 250DyP 97512 | 97509 B 1.826
('D)z*P 1/2 97 98399 | 98300 99 0.674
3/2 | 70+ 2603P)'S 98062 | 98063 =] 1.490
('D)y?F 5/2 | 88 + 13F*F 98384 | 98240 144 0.872
7/2 186 + 6(3F*F + 5(3P)*D 98825 | 98598 227 1.157
(3P)y*D 1/2 |95 +4(3FyD 99073 | 99044, 29 0.004
3/2 191 +4¢3F)*D + 4('D)*D 99182 | 99170 12 1.184
5/2 | 88 +5('D)*D 99440 | 99421 19 1.349
7/2 |91 +5('DpF 99941 | 99846 95 1.413
('D)y*D 3/2 | 81 +6(*P)*D + 6(*F)2D 99508 } 99765 | —257 0.836
5/2 | 80+ 7(*P)'D + 6(*F)2D 99805 | 100046 | —241 1.217
(3P)z*P 1/2 99 101646 [ 101618 28 2.662
3/2 19 101786 | 101757 29 1.729
5/2 98 102075 | 102040 35 1.590
(GG 7/2 |96 +4CF)*G 102961 | 102970 =42} 0.890
9/2 196 + 43! 103035 | 103032 3 1.110
(3P)x*D 3/2 180+ 10('D*D + 9¢3F)*D 105320 [ 105269 51 0.807
5/2 |82+ 10¢F)*D + 8('D)*D 105283 | 105267 16 1.200
('G)z"H 9/2 99 106441 | 106288 153 0.910
11/2 100 106903 | 106682 221 1.091
(3P)y*P 1/2 99 107060 | 107049 11 0.667
3/2 97 107166 | 107184 =18 1.327
({G)°E 5/2 97 110181 | 110364 | —183 0.857
712 97 109855 [ 110075 | —220 1.143
(S)*P 1/2 98 129512 0.667
3/2 98 130003 1.333




Whenever the experimental and calculated term
designations differ, the experimental designation
is entered in the column “AEL” using the notation
of C. Moore [13]. In many instances the exchanges
involve complete terms rather than isolated levels.
Unless specified otherwise the entries in the column
“AEL” pertain to exchanges in terms. The column
“O—C"” gives the difference between the observed
and calculated values of the levels. The column
“LANDE C”, gives the calculated Lande g-values.

The entries are in ascending order of magnitude
of the calculated terms.

TABLE 14.  Observed and calculated levels of Cr 111 3d*4p

Name J Percentage AEL | Observed |Caleu- [O—C |Lande
lated C.
2 100 93766 | 93780 | —14 0.335
3 100 94029 | 94045 | —16 0917
4 100 94375 | 94394 | —19 1.150
5 100 94800 | 94823 | —23 1.267
6 100 95304 | 95330 | —26 1.333
('F)z2D 0 97 96592
1 |78+ 19(*F)k (a*k)2F 96774 | 96686 88 1.207
2 135+ 37(*FPF + 26(*F)*D (a'F)z*D 96386 | 96451 | —65 1.224
3 160+ 26('FPF + 12(*F)*D 96713 | 96750 | —37 1.413
4 183+ 15(*FypF 97097 | 97124 | —27 1.476
(‘F)z’F 1 (46 + 38('F)*D + 13('Fy’'D | (a'F)z’D 96148 | 96244 | —96 0.404.
2 |47+ 51(°FyD (a'F)ZF 96921 96857 64 1.263
3 [70+29(*FyD 97120 [ 97083 37 1.323
4 84+ 14('FyD 97359 | 97357 2 1.369
S, 98 97618 | 97670 [ —52 11395
(F)z'D 1 |53+ 35(FPF+6('FprD 97077 | 97150 | —73 0.389
2 165+ 16('FPF+11(*FrD 97306 | 97431 |—125 1.178
3 |79+ 9CFyrD+6('PyD 97683 | 97885 |—202 1.344.
(F)G BRIISEES(EG)G 99841 | 99697 | 144
4 [93+5C6G)PG 100100 | 99981 119
5 |92+ 5CGrG 100421 100344 i
(F2'F 2 96 101444 [101476 | —32 0.668
3 95 101745 [101801 | —56 1.083
4 96 102100 102187 | —87 1.250
(§:7) 2 1 99 108248 [108192 56 2.488
2 98 108459 108404 55 1.826
3 99 108793 (108708 85 1.665
(@B)=R 0 [45+44('PPD+5(A*DPP | (@'Py°P | 109146 [108985 | 161
1 (46 +46('PPD+6(A2D PP 109807 1.505
2 |61+ 28(*PyD+6(AD )P 109434 (109250 | 184 1.500
G)Z*H 4 85+ 14¢HPH 109534 (109614 [ —80 0.804
5 |83+ 14¢HPH 109944 (110017 & 1.036
6 |84+ 15¢HFH 110505 110560 1.166
(*P)y*D 0 |52+ 36(*PyP +42PnS 109686
1 [45+42(4PyP 109237 1109147 90 1.497
2 |69+ 25(4P)3P (a*P)z’P 109570 1109806 |—236 1.502
3 96 109721 [109936 |—215 1.499
1 97 110154 110350 [—196 1.500
(2G)y*G 386+ 50 F)CG 111375 [111399 | —24 0.770
4 189+ 50FrG 111643 (111663 | —20 1.051
5 |87+ 504 F$G 111854 [111877 | —23 1.189
(3P)z!S 0 190+ 8(*PyP 111843
(G F 2 (704 22(A2D)F 112398 112522 |—124 0.688
3 |71+ 14(A2DYPF + 6(2G)'F 112466 112599 |—133 1.061
4 152+ 37(2G)'G + 8(A:D)F 112371 112492 |—121 1.151
(2G)'G 4 159+ 30GPF + 5(A2DyF 113199 1.086
(2G)'H 5 |77+ 18¢H)'H 113346 1.005
(2PyP 0 |64+ 32(A2DpP 113292
1 159+ AzDyP 113380 1.489
2 140+ 25(A2DBP + 18(4P)S 114207 1.521

TABLE 14. Observed and calculated levels of Criit 3d*4p— Con.

Name

(2G)z'F
=P)y'D
(‘P)z°S

(2P)y*D
(*H)y*H
(2PRS
(A*D)'P
(AZD)*F
(PyD
(H)z*1
(A*DD
tHI'G
(H)y'H
(AZDyP
(AZD)'F
(H)'1
CHG
(‘PyS
“Pyp
(A2D)'D
CFpeF

CFneG

CF)D

CFPD
CF)'G
(F)'F

(B*DyD

(B*D)'D

(B*DyF

(B*DyP

(B*D)'F

(B*D)'P

NN W

W —

—_ - owua

WN = N W= AWK

'S

N~ w»

e w o

W= N R RWR S —

IS

N—O A WN N W~

Percentage AEL Ob- Calcu- [O—-C
served | lated
74+ 15(A2D)'F + 7GPF 113539
32+ 17¢PpP + 17(A2D)'D 113602
71+ 12(2P)'D + 10(A2D)'D 113356 | 113768 |—412
80+ 12(*Pp3D + 5(*F)3D (a'P)y3D | 114716 | 114441 275
734+ 10¢*P$D + 52P)'D 115182 | 114927 | 255
70+ 12(*P)*D + 5(*F)*D 115553 | 115315 | 238
82+ 14(*G)*H 115570 [ 115362 | 208
85+1 3H 115669 [ 115460 | 209
84+ 15(2G)*H 115844 | 115643 | 201
50 + 32(A2D)'P + 8(2P)'P 116127
36 +42(*PpS + 15¢P)'P 116202
63+ 16CGPF + 13(*PyD 116392 | 116348 18
51+ 20(*PyD + 17(*Py*D 116532 | 116724 |—192
84+ 12¢GPF 116967 | 117017 | —50
59+ 16(PPD +9(A2DyD 116665
57+ 19¢PPD + 10(ADPF 116625
55+ 23(A2DPF +7(A2DyD 116490
98 117145 (116957 | 188
99 117488 117297 [ 191
100 117922 |117727 [ 195
85+9('PyD 118055 [ 118006 49
88+9('PyD 118423 (118322 01
84+ 6('PPD 118598 | 118580 18
81+ 15PF)'G 119191
794+ 19¢G)'H 119040 | 119224 | 184
57+ 33¢PFP +10('PyP 119575
53:=3 IZRPREI0GRHE 119457
52EER6ERPRER GR)ER 119334
79 +11CG)'F + 5(A*DyD 119682
99 120120
120765 | 120795 | —30
120748 | 120808 [ —60
90 +4CFyG 120700 | 120755 | —55
63 +22(*P)'P + 7(A*D)'P 121744
50+ 32(*Py'S + 17(A2D)'P 122192
59 +39¢P)D 122689
95 128754 (128943 |—189
94 128782 (128981 [—199
94 128849 [129055 [—206
92+ 6(HYG 131118 131009 109
92+ 5CHPG 131267 [131160 107
95 +5(HPG 131449 131337 112
79 +19(B*D)'D 132294
93+ 6(B*DPD 132846
92+ 6(B*DPD 132624
91+ 7(B*DyD 132261
83+ 16(*H)'G 133967
94 134899
95+ 4(FpD 146918
94+ 4¢FyD 146939
94+ 4¢FyD 147030
74+ 12¢F)' D+ 12(B*DyPF 148648
84+ 12(B*D)'D 149279
149289
98 149495
99 151996
99 151828
99 151493
97 152028
100 156958

Lande

.005

1

1

.759
176
.250
.583
105

.259
.837
.025
.143
520
.169
313
002
005
495
494
017

.001

0.756

1
1

1

1

1

.048
194

676
312

003

0.671
1.080
1.246

0.756
1.054
1.200

0.998

0.500
1.164
1.329

1.001

002

0.504
1.166
1.330

0.955

0.714
1.084
1.250

1.496
1.497

1.002

1.000
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TABLE 15. Observed and calculated levels of Mn 111 3d'4p TABLE 15. Observed and calculated levels of Mn 111 3d*4p —Con.
Name df Percentage AEL Ob- Calcu- | O-C | Lande Name Jf Percentage AEL Ob- Calcu- |O-C | Lande
served| lated C. served | lated C.
FD)F 1/2 100 110037 | 109996 41 | —0.664 72| 51+ 27(APyD 136851 1.372
3/2 100 110174 | 110136 38 | 1.067 + (AR
5/2 100 110400 | 110366 34 | 1.314
/2 100 110713 | 110684 29 | 1.397 CHPH 9/2| 71+ 14(A'G)*H + 6(G)*H 137452 0.915
9/2 100 111113 | 111090 23 | 1.434 11/2| 72+ 11(A'GPH + 9¢G)*H 137936 1.096
11/2 100 111603 | 111583 20 | 1.454
(ASFF 5/2| 35+ 28GG)F + 15¢D)*F 137521 0.918
D)P 3/2 98 111778 | 111553 295 2.388 7/2| 38+ 23(3G)*F + 14(*D)*F 137828 1.175
98 1 Y
3@ 100 }};323 ,}{;32 igi }3?; (G)'H 7/2| 80+ 17CHy*H 137669 0.674
9/2| 76+ 15@H)*H + 5(*H)*H 137961 0.970
3 41 3 2] 1 8 »
¢D)z'P 1/2 |73+ 24GDFD 112816 | 112716 100 | 2.828 }%g Zgi}i:ag}.ﬁ“z‘ L) 1282‘;3 };%
3/2 |66+ 30CD)*D 113080 (113150 | —70 | 1.784
5/2 | 51+48CDFD 113678 | 113772 —94 1.626 (A*P)2D 3/2| 70+ 13(A%F)2D + 7GG)'F 137890 0.780
5/2| 55+ 21(G)'F + 9(AF)2D 138811 1.146
FD)"D 1/2 | 75+ 24¢Dy'P 113993 | 114055 | —62 | 3.169
3/2 | 69 +30CD)P 114097 | 114169 =702 1.825 (BG)'F 3/2| 68+ 14(D)*F + 8(A3P)2D 138607 0.462
5/2 |52+ 46¢D)P 114290 114382 | —92 | 1.632 5/2| 50+ 25(ASP)D+11¢D)'F 138435 1.074
702 9 114211 [ 114337 | —126 | 1.583 7/2| 69+ 14CD)F + 10(A’F)'F 138540 1.227
9/2 97 114503 | 114661 | —158 | 1.548 9/2| 71+ 13@D)F + 6(A%F)*F 138501 1.312
GD)'F 3/2 96 116582 | 116438 144 | 0.403 (ATF)*G 7/2| 53 +24¢CH)*G +9A'G)G 139649 0.903
5/2 9% 116694 | 116567 127 | 1.032 9/2| 44+ 24¢H)2G + 120C)*H 139893 1.096
72 95 116853 | 116754 99 | 1.243 . )
9/2 94 117064 | 117007 57 1.340 (BGPF 5/2| 42+ 41(A%F)°F + 7(G)'G 139903 0.835
7/2| 48+ 40(AF 2K 140385 1.138
EDZY e 28 el el R ol ] (*G)*H 9/2| 48+ 18¢G)*G + 9CH?*H 140092 0.999
3/2 98 121094 | 121223 129 | 1.200 | R s e
5/2 98 121270 | 121425 | —155 | 1.371 /2| 53+23CC)'G +10CHY -
712 98 121484 | 121669 | =185 | 1428  qgug 5/2| 57+ 256H)'G + 8(ASF)?F 140169 0.616
3H)*G 5 XY
= |72 | 0+ tnccr 130903 0472 5fa) 45+ 17CGPH + 170HYC Lioe1 s
3G i > Y SH)G
e e e el 11/2| 47+ 27¢G)*H + 16CH)'G 140880 1.212
13/2 | 82+ 14CCr'H 131645 1.226 (GRG 72| 74+15CH)?G +6(A1G1G 143210 0.897
9/2| 67+17CH)G 143338 111
(APYD 1/2 | 83+ 14(A*F)'D 130981 0.025 +12(AG)G
3/2 |82+ 16(A’F)'D 131401 1.202
5/2 | 78+ 20(A*F)'D 132018 1.370  ¢DyD 1/2 92 143618 0.047
712 | 69+ 29(AF)*D 132746 1.424 3/2 87 143625 1.198
5/2| 79 +12¢DyP 143659 1.383
(HY1 9/2 94 132880 0.743 7/2 88 143821 1.413
11/2 95 133244 0.973
13/2 9% 133604 1112 (IR 11/2| 90 +7(A'GPH 144109 0.935
15/2 100 133950 1.200 13/2| 74+23(1FK 144067 1.045
(AFYG 5/2 | 72+ 18¢G)'G +9FH PG 133037 0577 (AGPH, | 9/2| 80+10¢HPH 144414 0.914
712 | 59+ 156G )G + 11¢H)G 133207 0.974 11/2| 76+ 10¢H2H 144756 1.082
9/2 | 45+ 13¢GYG + 12CHYG 133423 1.152
11/2 | 55+ 22¢HYG +20PG)G 133918 1.267  (IPK 13/2| 77+ 230171 144789 0.966
15/2 100 145221 1.067
(A'PFS 1/2 | 50+ 42(APYP 133423 2.205
@DPF 3/2| 70+ 16¢GyF +8(DyP 144791 0.552
FHFG 7/2 | 49+ 2B(ASFPG +TPGRG 133868 0.903 5/2| 72+ 16CCPF +6(DyD 144912 1.050
9/2 | 39+ 27(A%FRG 134085 1.124 7/2| 77+16GGFF +6(DyD 145044 1.248
+18(AFYG 9/2| 83+16¢CPF 145161 1.332
(APYP 1/2 | 52+ 32(A%P)S 134548 2180  GDpP 1/2 93 144897 2.630
+ 13(A'PRP 3/2| 82+8@D)'F 144635 1.584
3/2 91 134369 1.724 5/2| 81+10¢DyD 144220 1.557
5/2 90 135057 1.570
(AIGPF 5/2| 81+5CGRF 144986 0.864
(AFYF 3/2 | 50+ 30(A%F)2D +6('D):D 135191 0.620 72| 82+4CGFF 144427 1.138
5/2 | 50+ 25CH)G + 64GY'G 135572 0.889
7/2 | 84+8(HYG 135754 1.215 #DREP 1/2| 45+47(A1SPP 145317 0.658
9/2 | 86 +4(H)\'G 135853 1.322 3/2| 56+ 38(A'SFP 145564 1.333
CHPG 5/2 | 34+ 24(AF)'F 135382 0.763 (AIGPG 7/2| 80+10GGFG 146744 0.895
+19(A'F)'G 9/2| 78+150GPG 146939 1.111
712 | 52+ 28(A%F)'G + 120GYG 135466 1.004
9/2 | 54+ 31(ASF)'G + 10¢GYG 135517 1.175 (IPH 9/2| 87+9GGPH 148625 0.910
11/2 | 51+ 40(A’F}G +8CGYG 135570 1.268 11/2| 85+9¢GFH +6(AIGPH 148261 1.089
(ATPPP 1/2 | 71 +17(APRS 136005 0.870  (DPF 5/2| 73+ 116GRF +5(FRF 148837 0.858
+ 7(A’FyD 7/2| 734+9GGRF 148611 1.142
3/2 | 44+ 28(ASP)S 135666 1.352
+15(A%FPF (AISPP 1/2| 41+42¢DpPP 148942 0.666
+12(A'DPP
(AFPD 3/2 | 33+ 26(A'F)F 136101 1.001 3/2| 43+24GDpP 148779 1.264
+25(AIPYS +13(AIDREP
3 (3
5/2 | 54+ 18(A’F)F + 12¢DPD 136199 LI70 apen 310\ Bh- IS ATD D LD —_— -
©HPI 11/2 | 92+ 4011 136218 0.932 2 ERELEODAY 149334 1.200
13/2 93 136350 1082 (Aippp 3/2| 67+15(D)2D 151050 0.815
3 12°
(APPS | 3/2 | 39+ 30(APPP 136593 1.508 B2 BT 151384 1.187
+16(AFFyD (A'DPF 5/2 | 81+5(F)2F 152281 0.872
(A’F)*D 1/2 | 78+ 15(A%P)'D 136897 0.051 7/2| 83+10('F)’F 152678 1.143
3/2 | 61+ 15(A'P)'D 136927 1.217
+ 13(A%P)2P (A'DpP 1/2| 86+6(D)*P 155354 0.668
5/2 | 62+ 18(AP)'D 136823 1.301 3/2 | 81+8(°DpP 155436 1.331
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TABLE 15.
Name J

(*FRF 5/2
712

('F)*G 7/2
9/2

('F)*D 3/2
5/2

(B*F)*F 3/2
5/2

7/2

9/2

(B*P)*P 1/2
3/2

5/2

(B*P)*D 1/2
3/2

5/2

712

(BF)'G 5/2
712

9/2

11/2

(B*F)F 5/2
/2

(B*P)D 3/2
5/2

(B*P)S 3/2
(BFPG 712
9/2

(BF)*D 1/2
3/2

5/2

712

(B*P)2P 1/2
3/2

(B*P)2S 1/2
(B'G)2H 9/2
11/2

(B'GyG 72
9/2

(BF)2D 3/2
5/2

(B'GRF 5/2
12

(B'D)?P 1/2
3/2

(B'D)?F 5/2
712

(B'D)?D 3/2
5/2

(B'Sy*P 1/2
3/2

Observed and calculated levels of Mn 111 3d*4p — Con.

Percentage AEL Ob- Calcu- | O-C | Lande
served | lated C:
81+ 7(A'DPF+6(A'G)*F 156247 0.860
78+10(A'D)*F+6(A'G)*F 156404 1.139
94 158193 0.894
95 158795 1.112
70+16(B*P):D+10(B*F):D 160897 0.797
66+18(B3P)2D+11(B°F)*D 160156 1.199
96 163001 0422
92 163010 1.048
92 163054 1.247
98 163169 1.331
82+11(B3P)*D 163878 2.268
69+18(B3P)*D 163655 1.592
49+30(B*P)*D+10(B*F)*D 163647 1.469
58+26(B*F)*D+14(B*P)*P 164305 0.394
47+22(B*F)'D+22(B*P)'P 164266 1.311
34+45(B*P)*P+15(B*F)*D 164249 1.461
63+28(B*F)'D 163950 1412
79+ 16(B*F)*F 165162 0.636
80+ 15(B*F)*F 165369 1.015
97 165617 1.172
99 165794 3272
73+16(B*F)'G 166018 0.823
73+17(B*F)G 165864 1.118
47+23('F)*D+22(B3F)*D 165686 0.819
45+ 24('F)*D+16(B3F)?D 165463 1.191
7 168114 1.991
97 169691 0.890
97 169375 1.111
70+29(B*P)*D 170024 0.007
69+30(B*P)*D 169959 1.201
69+30(B*P)*D 169810 1.370
68+31(B*P)‘D 169537 1.426
90 170434 0.688
93 170053 1.333
98 172395 1.975
68+ 29(BI1G)G 173087 0.970
98 173889 1.091
95 173425 0.896
68+29(B'G)*H 173870 1.051
66-+33(B*P)?D 175759 0.801
41+36(B'G)2F+17(B*P)*D 175377 1.058
50+30(B*F)*D+11(B*P)*D 175850 0.999
83+6(B*F)’F 175345 1.137
94 190177 0.667
94 189762 1.331
93 192652 0.860
94 193245 1.143
98 196243 0.802
99 196498 1.197
95 216022 0.667
96 -| 216787 1.333

TABLE 16. Observed and calculated levels of Fe 111 3d°4p

Name A Percentage AEL Ob- Caleu- |O—=C |Lande
served | lated (€
(¢8)’P 2 100 82002 | 81854 148 2331
3 99 82334 | 82159 175 1915
4 100 82847 | 82626 221 1.750
(¢S)z°P 1 98 89491 | 89343 148 2499
2 98 89335 | 89177 158 1.835
3 98 89085 | 88916 169 1.668
(16)°G 2 96 113584 | 113807 |—223 0.341
3191 +5(GyG 113605 | 113832 |—227 0.897
4| 89+8(*G;H 113635 | 113873 |—238 1.130
5| 88+9('GrH 113677 | 113932 |—255 1.251
6 | 90+ 7(*GyH 113740 | 114020 |—280 1.323
(*G)z"H 3194+ 5(GPG 114949 | 114731 218 0.525
4190+ 8('GyG 115111 | 114913 198 0.923

TABLE 16.

Observed and calculated levels of Fe 111 3d54p — Con.

Calcu-

Name | J Percentage AEL Ob-
served | lated
5] 90+ 9(*GyG 115290 | 115106
6] 92+ 7(:GrG 115474 | 115295
7 100 115642 | 115455
(1G)2F 1| 76+ 12(*PyD + 6(:DyF 116938 | 116890
2| 57+ 28(*PyD + 6(:DyD 116975 | 116960
3| 55+ 22(*PPD + 9(*DyF (@'P)zD | 116475 | 116467
4| 81+ 7(*DyF (a*'G)2F | 116467 | 116451
5| 90+ 5(*DyF 116317 | 116328
(*P)z°D 0| 80+16(*D)°D 116365 | 116485
1| 67+16(*Dy’D + 11(*GPF 116380 | 116466
2| 46+ 29(*Gy’F + 11(*DyD 116419 | 116458
3| 49+ 32(*G)°F + 10(*DyD (@*G)zF | 117069 | 117110
4| 75+ 14(*DyD + 8(*G)°’F (@*P)z*D | 117522 | 117597
(*P)z*S 2 92 116898 | 117246
(‘G)z'F 2 90 118164 | 118310
3| 75+ 10(¢*PyP 118247 [ 118433
4 89 118350 | 118543
(*G)z*H 4 95 118686 [ 118562
5 97 118557 | 118469
6 96 118355 [ 118310
(*P)y°P 1| 78 +14¢*DyP 118868 | 118825
2| 69+ 19(*DypP 118722 [ 118678
3| 53+ 22(*DPP + 14(*GP’F 118443 [ 118385
(*P)z*P 0| 76+ 17(*DyP 120180 | 120299
1| 71 +18(*D)PP 119982 | 120089
2| 66+ 18(*D)*P + 5(‘PypP 119698 | 119801
“D)y’F 1] 85+ 11(*GPF 120697 | 120731
2| 84+ 10¢*GyF 120826 | 120867
3| 84+8(*GPF 121009 | 121055
4| 87+ 70GpF 121242 121285‘
5] 92+ 6(*GyF 121469 | 121480
(GG 3 94 121920 | 121931
4 95 121941 | 121986
L 95 121950 | 122030
(*D)y*D 0| 75+ 19(*PyD 123456 | 123106
1| 35+46(*P)*D + 8(*PyD (@'P)z*D | 122843
2 36+4§("]')”D+7l"’i:’|) 122628
31 36+ 31(*P»*D + 14(*DyP (@'D)y’D| 122830
4 | 78+ 16(*PyD 122944
(*P)z2*D 1| 41 +22(*DyP + 21(*DPD (@'D)y’D| 122921
2| 40+ 25(*DyD + 18(*DpP 122899 o3
3| 53+ 29(*Dy°D + 5(*P)*D (@'P)z*D | 122347 [ 122310
(‘D)°P 1] 56 +20(*DyD + 12(*PyP 123553 | 123473
2| 55+ 18(*PyP + 16(*DyD 123697 | 123749
3| 45+ 23(*PyP + 13(*DyD 123750 | 123857
(*D)y*D 1| 84+8(*Fy*D 124955 | 124817
2| 84+ 7(*FPD 124904 | 124747
3| 71+12¢*DyP 124854 | 124704
(*D)y*F 2| 88+ 6(A2G)’F 125673 | 125735
3| 86+ 6(A2G)°F 125638 | 125714
41 90+ 6(A*GPF 125444 | 125510
{AR)z3S 1 95 126391 | 126437
(‘D)y*P 0| 77+ 18(*PPP 128372 | 128649
1| 74+ 19¢PyP 128606 | 128904
2| 72+ 21(4PPP 128918 | 129237
h2K 6| 83+ 15°1y°1 (a*1)z'1 129855 | 129757
71 76 +17¢1P1 + 6(*1)'K 130041 | 130111
8 100 130852 | 130705
(D21 5182+9¢H'H 130256 | 130362
6 | 78+ 16(°1°K (a*1)z’K 130757 | 130793
7171 +21¢1PK 131035 | 130791
(A2D)z'D 2 | 32+ 26(A%FPF + 24(ADyF 131445 | 131665
(I)z'H 5| 69+ 13¢1P1 + 9(A2G)'H 131711 | 131986
(I)z'K 7 189+ 9¢1y1L 131992 | 131987
(A2D)x*F | 2 | 42+ 26(A2D)'D+ 17(A2F)'D 132105 | 132331
3 | 58+ 25(A2FyF 132080 | 132183
4 | 58+ 22(A2F)’F + 10(A2F PG 132785 | 132847
(*I)y*H 4 84 132659 | 132797
5 | 86+6(21)'H 132565 | 132743
6 90 132263 | 132442
(A2F)z'G | 4 |57+ 17(A%F)*G + 10¢F)'G 134360 | 134247
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1.499
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0.859
1.003
1.110
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0.982
1.013
0.832
1.058
1.198
0.832
1.031
1.160

1.014
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TABLE 16. Observed and calculated levels of Fe 111 3d*4p— Con. TABLE 16. Observed and calculated levels of Fe 111 3d°4p— Con.
Name | J Percentage AEL Ob- Calcu-| O—C | Lande Name J Percentage AEL Ob- Calcu- |O—C |Lande
served | lated (& served | lated C
(AZF)y*G | 3 |53 +25(A2D)'F + 13(A2F)*F 134476 73 0.881 (*H)x'H 5 |70+ 23(A%G)'H 144843 1144729 114 1.007
4 | 54+ 36(AZFFF + 5(FyG 135461 | 93 | 1127
5 |55+ 35(FPG (@F)yG 135120 [ 196 | 1225  (A2GW'F | 3 |76+ 5(B2F)F +5(B2D)'F 145039 | 145227 | -188 | 1.006
(A2D)P | 0 |90+ 6(F)D 135088 [ 134978 | 110 (BF)x'D | 2 |82+ 7(BF)F + 7(B2D)'D 145618 | 145658 [ —40 [ 0.979
1|59+ 20(A2Dy'D + 11AZF)D 134549 | 134467 | 82 | 1.139 )
2 | 67+ 25(A2F)'D 134265 [ 134149 | 116 | 1.385  (BFwiG | 3 |55+ 36EHPG+6(AGRG 146891 | 146938 | —47 | 0.759
4 |59+ 32CHPG + 6(A2G G 147161 (147217 | —56 | 1.052
(A2D)'D | 1|60+ )zn\lwv»xuhb 135217 | 135197 | 20 | 0.708 5 (66 +28EH PG + 5(A2G PG 147406 | 147490 | —84 | 1.200
2 4+ 9CFYF 135279 (135283 | —4 | 1.040
3 5D + 24(FPG 134976 | 135047 | —71 | 1182  (B:FwD | 1 90 147556 | 147602 | —46 | 0.533
2 89 147615 | 147700 | —85 | 1.171
(F)y>G 2 | 75 + 10(A2F)*F + 7(A*D)*D 134938 | 134888 50 0477 3 |86+ 7(*FpD 147636 |147761 [—125 1.326
3 | 54+ 27(A2D)D 135097 | 134996 | 101 | 1.065
4 |81 +BAP)G | 135200 (135158 | 82 | 1134 @Suep | 0 85+ 12B:DpP 148655 | 148506 | 350
5 .:»8+1§‘)1_A'-‘F)-‘(, lu:l‘)y-‘(, 135735 | 13: 51}8 187 1.239 1 |82+ 13(B:DpP 148915 | 148854 61 1.466
6 | 50 +441)'1 (a*1)z'l 135582 | 135552 30 1.176 2 |82+ 14(B2DpP 149526 | 149441 85 1.492
Dzl 6 | 50 +46(F)°G (@'F)G | 135739 135635 | 104 [ L159 eHpG | 4 |34 +44(BF1G +21(A26G)G | (b2Fre'G | 149013 [149063 [ —50 | 1.001
(A2F)D | 1 A2D) P 136465 | 136194 | 271 | 0.687 e | :
u o L rod | Lacdsr | o1 | Toor (BFw'F | 3 93 150655 | 150566 | 89 | 1.005
3|65+ 11(A2D)*D 135706 | 135411 295 1.264 S)y1P 1 |78+ 19(B:D)P 151637 151652 | —15 1.004
(A2D)F | 3| 31 + 24(AZF)G + 10(F)F 136200 [ 136174 | 26 | 0.994  (gpwr | 2 |75+ 18BDED . 157684 | 157737 | —53 | 0.765
3 |61+27(B2DYD + 6(B:D)'F 157982 157940 | 4 )
(F)F 1 | 76+ 10(A2D)D 136236 | 136305 | —69 | 0.155 " o4 158563 | 158550 z }53
2 | 38+ 36(AZF)*D + 13(F)"D 136118 | 136172 | —54 | 1.103 : i
3 | 65+ 13(F)D + 6(AZF)G 136009 [ 136150 |—141 | 1229 BD)eD | | 95 -
4 | 74+ 176FyD 135991 [ 136121 [—130 | 1.368 i L e || S || G
4 . el Ol i r B 2 76+ 18(B:DyF 158417 (158123 | 294 | 1.080
5 8 36185 136310 |12 E 3 [67+29(B:DyF 158729 [158447 | 282 | 1.256
A2F)uF | 2 | 46+ 19(A2DFF + 10(A2Fy'D 136532 | 136675 [—143 | 0.790 : AT,
| e L e o] Tacore | a5 | Sios  ®DWF | 3 |82+ 12B:GyF 159493 [159453 | 40 | 1.010
4 | 42 + 28(A2DPF + 15(AZFY'G 136613 | 136555 | 58 | 1194 ponon| Swwzgm, G
; y L . 1 SyF 160307 1.468
2 3] 3 2, 3] D . e < 5
3 2 13 D D =
6 H -+ 6(H)1 138264 138248 | 16 | 1154 pyp | [0 sesyp A o
ARy 5 P 3760 =35 '3 5 5
L B I e 23 | 14 ®DwD| 2 |o2+6@F)D 1620852/161749 | 336 | 1.003
2 137610 | —65 | 1.425 .y ST
3 | 74+ 14¢FpF 3| 137500 | —86 | 1443 (BOWH| 4 |0345BIYG 165719 1165640 | 79 | 0814
s il oo || =6 || e 5 |90+ 6(B2G)'G 165940 |165834 | 106 | 1.043
6 98 1661877| 166287 | —100 | 1.167
CHIG | 3 |41 4 280F7C + 16(A2FFG 138188 | 138313 |—125 | 0.768 . e
4 | 43 + 300F)G + 13(AFPG 138103 | 138228 |—125 | 1.051  (BEGI?F [ 2 193 +5(C2D)F 167002 1167059 | —57 | 0.667
5 | 47+ 290F PG + 10(AZF PG 138055 | 138214 [—159 | 1.141 3 150 +46(B°G)°C 166498 | 166531 | —33 | 0.928
4 | 81+ 11(B2GYF 166222 |166268 | —46 | 1.220
(A2D)2'P | 1|71+ 17(A2FFD 138692 | 138498 | 194 | 0.905
(PG | 3 |42 +41(A2GPG + TCHPG 139680 139539 | 141 | 0767 (BGHG | 3 |53+ 4UBIGRE 167085 | 167065 20 | 0.907
4 | 42+ 36( 3+ 10CHPG 139625 | 130477 | 148 | 1.044 A |85 IUBGRE 167207 167154 | 53 | 1.064
5 | 43+ 25(A2GPG + 16¢H)1 139461 | 139350 | 113 | 1.141 5 [91+7(BGYH 167299 1167242 57 | 1.185
H)I 5 | 79+ 8eHPH 4 T6FPC 139500 139410 | 99 | o004  (BGWH] 5 95 168780 | 168674 | 106 | 1.006
6 |87 +5HFH 139846 | 139762 | 84 [ 1.033 o
2 o vl e || Sl e osere e 96 1692787(169202 | 76 | 1.003
(A2C)y'G | 4 |40+ 19A2F)'G +17¢H)G 139827 | 139749 | 78 | 1037  (BGWF [ 3 187+12CDF 1703117| 170439 | —128 | 0.998
S P - —— (PPP 0 | 77+ 22(C2DpP 178674
(A2F)y'D | 2 |56+ 38(A2D)'D 139764 | 139779 | —15 | 0.991 {76+ 23CaDp e T
(A*F)F | 3 | 72 +8(A2D)F + 6(A%G) F 140453 | 140468 | =15 | 1.001 2| o2 bl N
(A2G)'F | 2 | 42+ 31(¢FFF + 13¢F}D 140751 | 140998 |-247 | 0729  CP)'S W 2 181398
3 | 42+ 26(F°F + 15(F)D 140693 | 140901 208 | 1120 .
SRR e PPD 1 93 182519 0.504
4 | 45+ 26(FP°F + 9(A2G)'C 141003 | 141195 |-192 | 1.205 2 |66+ 220P7D + 52D el s
#Hy'l | 6 |88+5¢HpH 141540 | 141442 | 98 | 1.013 3 [92+7(C*Dy'D 183099 1.333
ot i e e el e |ewp || asm  E9D 2 |57+ 26(PyD + 14(C2D)'D 183519 1.047
2 | 68+ 8(A2G)F + 6(DFD 141399 | 141571 |-172 | 1.081 .
3 | 64+ (A2G)F + 7(4DFD 141467 | 141663 |-196 | 1278  CP’S t 98 184869 1.979
(FWF | 2 |48+ 2UAWGPF + 22A2FFF 142535 | 142682 [~147 | o670 PP 1| 78+19(C2DyP 185970 1.013
3 | 50 + 24(A2GPF + 20(A2 142313 | 142460 [-147 | 1.080 Ty e
201 25(AC ) : Sis |Cre (CDYF | 2 [91+5(B2GyF 191071 0.690
4|50 + 25(A2GJ'F + 21(A* 142047 | 142197 |-150 | 1.246 b L9 o
(A2Gu*H | 4 |45 +47¢HPH (a*HyoH | 142856 | 142753 | 102 | 0819 4 96 191700 1.250
5 |46+ 38CHPH + 9(A2G)G 142908 | 142783 | 125 | 1.052 .
6 |50 +40CHyH + 7CH)'T 143321 | 143253 | 68 | 1155  (CDFD |1 e 192255 0.505
2 | 89-+6PyD 192579 1.147
(A2GWG | 3 |43+ 20(A%F)G + 18(FFG 144117 | 143854 | 263 | 0.766 3 [89+7¢PYD 192934 1.318
4 4242 s+ 14(FPG 144086 | 143844 | 242 | 1.048 . S
5 |40+ 20(AFYG + 12CHPG 143884 | 143657 | 227 [ L1172 (©*D)YD |} 269+ 16¢PYD +11(C?D}FP 193395 1.067
(BF'G | 4 |35+ 30AFPF + 14(A2G)'G | (*F)eF | 144332 | 144445 |-113 | 1000  (GDMF |3 94 194617 1.003
(A2G)y'H | 5 |66+ 18¢H)'H + 12¢I)H 144587 | 144462 | 125 | 1005  (GDPP | 0} 77+22 194973
1|77+ 23¢P) 194703 1.498
BFIEF | 2 |66+ 19A2GPF + TOFPF 144502 | 144598 | —96 | 0.694 2 | 66+ 20(Py°P +12(C*D)'D 194332 1.430
3 |73+ 11(A2GPF + 6(FPF 144571 | 144697 |-126 | 1.076 . N -
4 [48+20(B2F)G +8CHIG | (aHw'G 144968 | 145120 [-152 | 1156  (D'P | 1| 81+18¢CPP 198959 0.999
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TABLE 17. Observed and calculated levels of Co 111 3d%4p TABLE 17. Observed and calculated levels of Co 111 3d%4p— Con.
Name J Percentage AEL Ob- Calcu- |O—C |Lande Name J Percentage AEL Ob- Calcu-
served | lated (05, served | lated
(D)z*D 1/2 99 99182 | 99357 |—175 | 3.324  (AP)S 1/2 | 65+ 29(A%P)P 132300
3/2 99 99044 | 99207 |—163 | 1.863
5/2 98 98823 | 98971 |—148 | 1.654  (G)y'H 7/2 | 74+ 11GH)*H + 6(APF):G 132624
7/2 97 98546 | 98671 |—125 | 1.585 9/2 | 76+ 9¢H)'H 132587
9/2 99 98290 | 98386 | —96 | 1.553 11/2 | 74+ 10#H)2H + 7(H)*H 132507 | 132322
13/2 | 88+ 10*H)*H 132377 | 132144
(D) 1/2 98 103691 | 103488 | 203 |—0.650
3/2 98 103656 | 103446 | 210 | 1.069  CG'F 3/2 | 71+ 14GDYyF . 132592 | 132454
5/2 97 103594 | 103372 | 222 | 1.315 5/2 | 56+ 183G)'G + 11(*DY'F 132489 | 132392
72 96 103502 | 103264 | 238 | 1.397 7/2 | 44+ 28(G)'G + 9CD)'F 132277 | 132219
9/2 96 103387 | 103124 | 263 | 1.433 9/2 | 52+ 3206G)'G +5(DIF | (FG'G | 131098 | 131011
11/2 100 103245 | 102950 | 295 | 1.454
(A*F)2D 3/2 | 72+ 19(APRD 134195
(D)P 3/2 98 106592 | 106534 58 | 2.380 5/2 | 78+ 13(A’P)2D 133837
5/2 94 105965 | 105912 53| 1.860
7/2 {91+ 7¢GDy'D 105009 | 104964 45| 1.691  (G)y*H 9/2 | 50+ 39 H)2H 135404 | 135521
11/2 | 47+ 45(H)2H 134696 | 134850
(D)z'D 1/2 95 107508 | 107468 40 |-0.006
3/2 94 107297 | 107250 47| 1213 (GyF 5/2 | 54+ 18(D)2F + 10(A%F2F 136129 | 136217
5/2 | 91+ 5¢D)P 106955 | 106897 58 | 1.392 7/2 | 57+ 14(AFRF + 13(°D)F 136290 | 136361
7/2 | 89+ 7¢GD)sP 106489 | 106415 74| 147
(GG 7/2 | 72+ 14CH)G 137812
CD)'F 3/2 98 108403 | 108435 | —32 9/2 | 74+ 18CHRG 137661
5/2 97 108053 | 108073 | —20
7/2 9 107530 | 107536 | —6 (12K 13/2 98 137375
9/2 96 106765 | 106760 5 15/2 100 138185
(D)z'P 1/2 98 111283 [ 111318 | =35 2.665  (A'Gi*H|  9/2 | 69+ 1701?H ("a*H | 138921 | 138722
312 98 110962 | 110993 | —31| 1.733 11/2 | 49 +44('12H 139138 | 139035
5/2 98 110371 [ 110401 | =30 [ 1.599
¢D)'P 1/2 | 82+ 8(°D)*D 139158
(A*P)z'S 3/2 | 61+ 36(A3P)yP 124189 1.881 3/2 | 82+ 5¢Dy'D 138832
5/2 90 138618
(CH)ZG 5/2 | 44 + 44AFYG + 6(4CHC 125369 | 125406 | —37 | 0.608
7/2 | 46 + 40(AIF)'G + 7(G)'G 125227 [ 125264 | —37 | 0.987  (DyF 3/2 | 72+ 19GGyF 139436
9/2 [47+3 MG + GG 125012 [ 125053 | —41 [ 1.151 5/2 | 68+ 16(G)'F + 6(*D)'D 139585
11/2 | 64+ 27(A%F)'G + 70G)G 124766 | 124861 | —95 | 1.260 7/2 | 46+ 14¢D)*D + 10CG)'F 139727
9/2 | 54+ 30(AIGRG )
CH) 0/2 | 57+ 260HH + 7CHYG | eH)H | 125422 | 125418 1| 0852 78| |GG L
11/2 | 59+ 30¢H)*H + 7(°G)'H 125296 | 125286 10| 1.030 DD 12 | 53+ 206D)2P + 126D)'P 30616
13/2 | 58+ 31CH)*H + 6¢H)L 125276 | 125: S IR ;;52 j;j;+f8:;,332{,1 :f,:;l))q, ::‘w};:&l)
15/2 100 126119 174 | 1.199 5/2 | 77+ 9(A®F)D + 8(D)F 140109
71 D)4 ‘ ‘
“H)z'H 7/2 | 60+ 14¢HRG + 8¢GyH 125690 | 125839 |- 149 | 0.761 2| B ARSI L
9/2 | 41+ 35CHI T+ 10CHPG | ¢H)2'T | 126239 [ 126246 | —7 | 0.921 ACWEG 038 o
11/2°155 + 36¢H)'1 + 6(:G)*H 126501 | 126505 | —4 | 1.073 L } :(,:’,é : ::::‘“I,;
13/2 |59 + 34¢H)'1 + 5(G)*H 126475 | 126507 | —32 | 1.185
(|) 2') 56
(A®PRP [ 1/2 |90+ 6(A*PYD 2465 ) o
3/2 | 30+ 29(ASPY'S+28(AP)'D 1.562
5/2 | 60+25(A3P)'D+9(AP)?D 72 (AGWF | 5/2| 48+ 21GDPF + 10(AF R 140787 | 140734
7/21 30 3DYD + 7(A*F)*D 0646 0582
(ATF)yF 3/2 | 86+ 7¢D)F 126987 7/, +44(°D)*D + 7(A*F)*I 140646 | 1405
5/2 |78 + 6(3D)'F 126871 ("wH 92| 68+ 21(AIG)? 1ot 347 g
72 |48+ 16(A*PYD + 9¢H)H 126892 | 127048 . o e e S Wi Bt
9/2 82 126998 | 127160
21 11/2 | 87+901) 74 | 141926
CH)G 7/2 |43+ 18(AFYF+ 110G 127318 | 127499 |-181 | 0053 ,;;;2 i) ”(,(, {H:(‘,j m‘és
9/2 59+ 15¢G)2G + 12¢Hy'H 127051 | 127272 [-221 | 1.086
, (D)2D 3/2 88 142452
(AP)2D | 32 127793 1.251 552 9 145664
5/2 126336 1.309
(D)?F 5/2| 56+ 23(A'G)F 143970
APRD| 172 [90+ 6(AIPYP 128536 | 128152 | 384 | 0.168 R e '
3/2 |42+31(A*P)2D+12(A%F2D 128423 | 128681 |—258 1.034 7/12| 61+ 17(A'G)*F 143377
5/2 Al 128085 | 128242 [—157 | 1.345 + 14(A'DYF
7/2 126549 | 126588 | —39 | 1.388
o (A1S)P 1/2| 51+ 28(A'DyP 144469
(*Hyz’1 11/2 92 128259 | 128200 59 | 0.935 +120¢D2P
13/2 |90+ 7(°H)"1 127673 | 127650 23 | 1.082 32| 43+ 43(AD)P 143865
ASF)xD 1/2 |84+ 11¢D)'D 128937 | 129158 |—221 el
(384002 1i28| SAgeLLED)E SR || Bl = (A'D)F 5/2| 53+ 18(A'DPD + 15(A1G)F 146196
3/2 |80+ 10¢D)*D 128805 | 120036 231 72| 24 15(A1CPF HE
5/2 | 73+ 9GD)'D 128525 | 128755 3 23 209
D 3 4 h 289257 —
7/2 | 69+ 8(*D)'D 128018 | 128257 | 230 ADED 32| 78+ 1102 Y
AFG| 572 | 35+ 27CHIG + 24(APF)F 129747 | 129740 7| 0672 22 [fozsglZ(ADERSELICKED 147093
7/2 | 44+ 26(CH)G + 12(A%F)F 129707 | 129680 27 | 1.009 D oll.cnt s aa et "
0/2 | 52+ 25(H)G + 9(A’ 129502 | 120534 | 58 | 1162 AP l;ﬁ o 1y 147373
11/2 | 68+ 220H)'G 120556 | 120505 | 51 | 1.261 : SR 147994
(APF)z°F 5/2 | 41 4+ 19CH)'G + 9CGPF 130407 | 130400 7 | 0.752 (FPG 7/2 92 151919
7/2 | 49+ 120G)F + 8(H)'G 130184 | 130233 | —49 [ 1.095 9/2 95 152806
(A3P)2P 1/2 | 55+ 34(A3P):S 130940 1.149 ('Fy*D 3/21 79+ 11(A'D)*D 154134
3/2 | 87+ 6(A'D)*P 131328 1.322 5/2| 71+ 15(A'Dy*D 153438
(AF)G | 7/2 | 62+ 17CGYG 131279 [ 131283 | —4 | 0041 (BP)D 1/2 | 54+ 44(B°F)'D 155753
9/2 | 60+ 13CGH + AAIF)'G 130802 | 130782 20 | 1.073 3/2 | 50+ 45(B°F)'D (PHzS | 155702 | 155984
5/2 | 38+ 45(B*F)'D + 14(FRE [(P)xP | 156291 [ 156171
(*H)z2H 9/2 | 37+ 23(GRH + 21(A’F):G 131538 | 131606 | —68 | 0.978 7/2 1 29+ 35(B*F)'D + 35('F)’F 156215
11/2 | 23 + 346C)H + 22066 131054 | 131109 55 | 1.137 ; :
('FRF 5/2 | 75+ 7(B%F)'D + 7(B*P)'D 156526
(GG 5/2 | 63+ 17CG)'F + 8(ASF 2K 131884 [ 131773 | 111 | 0.709 702 | 54+ 23(B°F)'D 156628
7/2 | 38+ 24(G)'F + 20(A’F )G 131582 | 131491 91 | 1.040 +17(B*Py'D
9/2 | 49+ 24(GYF +8(C)'G  |C'F | 131887 | 131857 30 | 1.194 o
11/2 | 59+ 19¢H)*H + 10¢H)*G 131098 | 131311 |-213 [ 1.218 (B*P)*S 1/2 93 159796

2.024
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TABLE 18.

TABLE 17. Observed and calculated levels of Co 111 3d*4p — Con. Observed and calculated levels of Ni 111 3d74p — Con.
Name A Percentage AEL Ob- Calcu-| O—C [Lande Name Percentage AEL Ob- Calcu- | O—C |Lande
served [ lated ¥ served | lated (G
STV e - o ~ 1F)z3F & 92 118115 : L
L - o ks e e 3| 83+8(FPG 117251 | 117232 | Voo
9/2 95 160820 1:171 4| 85+ 10(°F)*G 116192 | 116167 25 1.232
11/2 98 . 273 \
/ el 1202 (*F)z*D 1 93 120273 | 120304 =31 0.500
3 Qs 2 92 119670 — 3
®PYs e L Hota] L268 3| 90+ 5(FpF Harag | 1issse | 8| 1o
(B3F)2D 3/2 | 51+ 37(B*P)2D 163340 0.844 . ;
5/2 | 49+ 35(B*P)2D + 8(BP)P 163896 1229 (P8 2 99 122282 | 122739 | —457 | 1.99%
B2P)'P 1/2 9 3290 . (*P)y°D 0] 86+ 8(*F)°D + 5(*P)*P 130190 | 130242 02
ot 3;2 : ooz Lol 1| 75+ 7¢FPD+ 7¢PPP 129958 [ 130022 | —64 | 1.531
5/2 | 71+ 8(BYF D + 8(B*P)D 164334 1,510 2l ;:jg;‘_jg e ol oy
(B3F2G 72 89 161268 0.907 4| 93+ 6(*F)°D 130312 | 130224 88 12497
9/2 88 163773 1.125
/ (tP)z2S! 1] 53+ 12(*Py*S+ 11(*Py*D 130863 | 131111 —248 1.908
B3F)‘D 1/2 | 54 +42(B*P)*D 164541 0.042 _ =
L 352 40+ 37|(B3P;*D 164765 1.091 (*G)z*H 41 61+ 28(GyF +6(:G)'G 132157 | 132057 100 0.953
L I5BIFYF 5| 74+ 15CG)H+1CGRG 131500 | 131367 | 133 | 1.035
5/2 | 39+ 42(B*F)*F 165040 1.251 6 96 132169 | 131906 263 1.163
+ 14(B*P)*P
72 | 32+ 33}33]))4[) 165903 1.360 (*P)z°P 1| 73+ 20(*P)*S 133340 | 133446 | —106 2.279
+ 29(B*F)‘F 2| 45+ 21(*P)*P + 20(*P)*D | (*P)y*D | 132818 | 132919 | —101 1.549
31 71+ 19¢*PD 133095 | 133060 35 1.576
(BRI 3/? 38 i f)(Bf*l.':);ld) 165?15 OAS?—] (G F 2 94 134233 | 134198 35 0.676
pleiet 165546 1194 ’ 3| 78+11CCHG 133158 [133174 | —16 | 1.055
7/2 | 62+ 22(B*P)'D 165234 1.286 4| 41+33(3GPH+13(2G)G 131792 [ 131814 S22 1.051
+11(BF)D o . o
9/2 | 93+ 6(B3F)2G 165624 1.318 (*G)z'G 4| 47+ 24 (*G)P’F + 14(*H)'G 133325 | 133415 —90 1.064
(BSP?D 32| 41+ 36(3"‘[‘;)’1}2 166507 0877  (PPP (1) gg * }g::\;){x)[);rﬁ 2(:[5’))3’ {gg})gg 390
+ 16(BPy? ; 4 ) .
5/2 | 60+ 34(B3F)2D 167276 1.210 2| 49+ 10(2PPD + 9(*PyP 133902 1.417
3p)2P 99 167203 0.652 (*P)y*D 1] 54+ 15(Py’D + 13(*PyP 133840 [ 134055 [ —215 0.806
&5 %g 774 12(83[))22[) 167968 i 2| 42+ 37(¢PyP +6(PPD | (*P)2°P | 133500 | 133406 94 | 1.432
3| 65+ 20(*PyP 133391 | 133434 —43 1.384
B3F)*F 5/2 94 168299 0.858 y e U
{ ) ;;Z 87+ 12(B'G)?F 168167 1.142 (*G):z'H 5| 62+ 23(2G)*H + 14(3GPG 134218 | 134119 99 1.034
1G)2 o 170204 0.915 (GG 3| 70+ 16(*G)'F + 8(*G°*F 134335 | 134375 —40 0.832
IBICA l?g ;; 1;”2)02 IAO‘])I 4 73+ 142G)'G + 6(*H)'G 134415 | 134523 | —108 1.028
51 78+ 19¢G)'H 133692 | 133722 =30 1.156
B'G*F 5/2 | 86+ 6('F)*F 172252 0.858 - i Srivar -
( ) 752 EodL 2(7(]3)‘(})2(; + 6(B3F)2F 171679 1.072 (*G)z'F 3| 57+ 15(G)G + 14(A*D)'F 135024 | 135062 =a{ 0.965
WRERG || U2 G Ao e 0590z = Y Z e T 136099 | 136798 | —93 | 1371
/2 2 e : 2| 75+ 10(A2DpP 135351 | 135455 [ —104 | 1.470
12 3/2 98 190563 0.805
AHDRY 5;2 98 190826 1.195 (*P)x*D 1] 54+ 15(A%D)3D + 12(*P)*P 137364 | 137395 =i 0.682
2| 41+ 29(*P)'D + 12(A2D)*D 136813 | 136950 | —137 1.113
(BIDFF 502 % 194508 0.862 3| 77+ 8(A2DyF 136965 | 136964 1| 1322
: 9% 195232 1143
2 (P)D 2| 20+ 24¢PyD + 20(PyD 137768 1137
(B'DRP 1/2| 93+6BISEP 196236 0.667  (2pyypp 5 95 138061 | 137997 64 | 0.843
3/2 [ 93+ 5(B'S)P 195859 1.328 6| 74+ 25¢CH)" 137392 | 137357 35 | 1.020
) ) : 7 100 137991 | 137837 154 | 1.143
(B'S)*’P 1/2 | 94+ 6(B'D)*P 219596 0.667
3/2 | 95+ 5(B'D)*P 220550 1.333 CH)IG 3| 85+6¢FyG 138852 | 138891 5T 0.771
4| 90+ 5(F)3G 138031 | 138118 = 1.052
5| 94+ 5(FyG 137020 | 137161 —141 1.198
(*P)'S 0] 61+ 39(PyP (*P)z3P | 138147 | 138618 | —471
- > l Ni 111 3d74
TABLE 18. Observed and calculated levels of Ni 111 3d4p (T 1} 504279 + 120990 e || nemes an || aee
2| 63+ 10P)3D + 7(*P)'D 139254 | 139172 82 1.121
31 79+ 11(A’D)F 138487 | 138359 128 1.307
Name Jf Percentage AEL Ob- Calcu- [O—-C |Lande
served | lated C. (2H)z'1 6| 74+ 24(*H)*1 139634 | 139600 34 1.010
(A2D)x’F 2| 73+ 10(A2D)*D + 8(A2D)' D 140916 | 140871 45 0.782
3| 71+8(*P)*D +6(*G)'F 140545 | 140503 42 1ty
(F)F 1 96 112402 [ 112376 26 | 0.054 4 98 140184 | 140117 67 | 1250
2 | 88+ 9(FyD 111914 | 111907 7 1.031
3| 78+ 17¢FFD 111221 | 111241 | —20 [ 1.281  epps 1| 67+8(P)'P +8(P)S @P)z'P | 140885 | 141052 | —167 | 1.780
4 | 65+ 29(*F)PD 110371 | 110431 —60 1.387
5 | 94+ 5(F)pG 110212 | 110157 55 1.391 (P)z'P 1| 49+ 17(A2D)*D + 13(2P)*S | (2P)y*P | 141415 | 141393 22 1.077
(*F)22G 2 | 88+ 5(*F)°D + 5(*F)°F 114371 | 114162 209 | 0.436 (AZD)z'D 2| 46+ 29(A2DYP + 15¢P)'D 142434 | 142323 111 1.155
3 | 86+ 7(*F;F 114110 | 113895 215 0.959
4|84+ 81*F)i‘F + 6(‘F):f(} X 1 115705 1 ].:34-?52 2:23 ],} 65 (H)y*H 4 95 143004 | 143062 —58 0.810
5 | 82+ 12(*FPG + 6(*FFF 113141 | 112921 220 1.266 5 95 142576 | 142642 —66 1.034
6 100 112787 | 112489 298 1.333 6 98 142188 | 142259 — 50 1.165
(F)zD 0] 91+8(PrD 114295 | 114441 | — 146 (A2D)y'F 3| 73+ 16(G)'F + T(A2DyF 143865 | 143944 | —79 | 1.014
1| 88+8(*PyD 114095 | 114226 | —131 1.450 -
2 | 78+8(F)G + 7(*PyD 113651 | 113746 =95 1.369 CH)Y'G 4| 70+ 27¢G)G 144154 | 144162 =g 0.997
3 | 73+ 13(*FFF + 8(°F)°G 112935 | 113002 =07 1.420
4| 63+ 26(FPF + 6(FFG 111898 [ 111939 [ —41 | 1437 (zxp)ep o] 80+ 15¢PpP 145110
P ) D 1| 67+ 11¢PPP +9¢P)P 144624 [ 144667 | —43 | 1.431
()6 3| 88+ 7(F)F _ 117606 | 117660 | —54 | 0.786 2| 48+ 24(A2D)'D+ 11(2P}P 143560 | 143476 84 | 1.33
4 | 83+ 9(*FPF + 7(*FyG 116674 | 116706 =4 1.076
5| 87+ 13(°Fp;G 115272 | 115292 +20 1.208 (AZD)y'P 1 88 145950 | 146006 e 1.062
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TABLE 18. Observed and calculated levels of Nitl 3d74p—Con.

TABLE 19. Observed and calculated levels of Cu 111 3d%p

S = - T [ : ‘
Name J Percentage AEL Ob- Calcu- O-C |Lande Name J Percentage £l seonl/)éd (l‘:‘l;u{ 0-C le«lde
served lated G: N
S — GFzD | 1/2] 94+6(P)'D 122637 | 122764 | —127 | 0.004
(el 2 o LIS U= || X 3/2| 93+5(P)D 121864 | 122012 | —148 | 1.185
5/2| 91 +5(Py 120! 0765 | —187 | 1.357
F)y'D 2 |60+ 32(*F)*F CF)w3F| 155444 | 155123 | 321 0.897 ;;g 9:]5+4:s$:4[[; ]lgggg }%911; —249 1_4;1
(2F)3G 3 |82+ 10(2F)3F + 6(*H)3G 155392 0.787 (GF)*G 5/2| 93+ 6(3F)*F 123440 | 123316 124 | 0.604
4 |73+ 15(FF)*F + 6(*F)'G | (F)w’F| 155842 [155842 0 | 1.078 7/2 | 81+ 10CF)°F + 8¢F12G 122504 | 122416 88 | 1.008
5 [94+5(H)'G 156734 1.200 9/2 | 66 +226F12G + 12(F)'F 121337 | 121318 19| 1.178
11/2 100 121698 | 121488 210 | 1.273
CF)wF 2 |64+ 29(2F)'D (F)y'D| 1565247?| 156518 6 0.786
3 [68+ 19(:F)*D+8(*F)G | (F)vD| 156853 156444 | 409 [ 1.107  (F)*F | 3/2| 90+5(F)D 125745 | 125721 24 | 0.445
4 |50+ 28(2F)'G + 20,2F)3G 156906 1.138 5/2 | 84+6(°F)‘G 125382 | 125324 58 | 1.011
7/2 | 73+ 13(F)F + 10CF)*G 124558 | 124506 52 | 1.202
EF)vD 1 {93+ 5(B2D)*D 157235 | 157142 | 93 [ 0.502 9/2 | 82+ T4°F)G 123550 | 123516 34| 1.29
2 |85+ 8(:F)'D 157155 157121 | 34 | 1.152
3 [ 72+ 18(2F)F CF)WIF | 156972 [156833 | 139 | 1270  (F)2G | 7/2 | 82+ 100F)F + 6(F)'G 126094 [ 126175 | —81 ] 0.926
9/2 | 64+ 31¢F)*G + 5CF)'F 124442 | 124432 10 | 1.141
CFX'G 4 {65+ 32(2F)F 157376 |157317 | 59 | 1.084
GF)22D | 3/2 | 824 8('Dy2D + 7¢F)F 128435 [ 128465 | —30 | 0.781
(CF)'F 3 97 161755 (161735 | 20 [ 1.003 5/2 | 77+ 144F)2F + 5( DD 126892 (126934 | —42 | 1.149
(B2D)w?P 0 99 176738 176727 | 11 CF)2F | 5/2 | 79+ 140F)D + 50F)'F 128679 | 128736 | —57 | 0.912
1 98 176583 176601 | —18 | 1.491 7/2 | 75+ 12CF)'F + 9CF)G 126829 | 126902 | —73 | 1.127
2 99 176488 176513 | —25 | 1.497
(3P)z*P 1/2 |1 90+ 7('D):P 137041 | 137012 29 | 2.468
(B2D)v3F 2 9% 177858 0.670 3/2| 76+ 100DPP+5'DpD | 136483 [ 136500 | —17 | 1.607
3 9% 1784527( 178440 | 12 | 1.083 5/2 [ 76+ 150 DD i 136607 | 136605 2 | 1.497
4 97 179196 1.250 |
(D)y?F | 5/2|81+80PyP i 138084 | 138009 75 | 0.939
(B2D)'P 1 95 181237 0.991 7/2 | 83+ 10CP)'D + 6(:G)*F i 138982 | 139819 163 | 1.170
]
(B2D)'F 3 97 181516 1007 ('Dy2D | 3/2 | 57+ 17CPyP +9(DyP 138988 139077 | —89 | 1.044
5/2 | 77+ 14(PyP 139757 (139823 | —66 | 1.240
(B2D)*D 1 95 183763 0.518
2 [73+ 25(BD)'D 183976 1123 (D)P | 1/2 | 62+ 26(P2P + 93P P 139261 | 139189 72 | 0.865
3 9 184740 1.327 3/2 | 59+23(0D)D + 10¢P2P 140201 | 140177 24 | 1.220
(B2D)'D 2 |72+ 25(B2D)*D 184456 1042 Py D | 172 93 142550 | 142492 58 | 0.019
3/2 | 87+ 5(F)'D + 4(P)D 142512 | 142443 69 | 1.186
5/2 | 77+ 13@P)D + 4(Dy2F 142426 | 142397 29 | 1.326
7/2 | 86 +8('DF 142820 | 142737 83 | 1.397
P2 | 3/2 | 60+26(P)P + 70DyP (P)y*P | 145353 | 145214 139 | 1.005
5/2 | 81+ 15(3P)'D 144194 [144262 | —68 | 1.219
P)y2P 1/2 | 68 +26('D)*P + 5(3P)2S 146676 | 146409 267 | 0.721
) . 3712 | 52 + 34(3P)2 D)2 3P)y2 - 136
TABLE 20. Observed and calculated levels of Zn 111 3d%4p plajlis2EastRHDE (D) GEICDEN 1445753 14410 L1159
P — ——  (G)H | 92 99 146534 | 146430 104 | 0.911
11/2 100 147647 | 147437 210 | 1.091
Name J Percentage AEL Ob- | Calcu- | O—C | Lande
served, | lated C. eP2s | 172 94 147652 147970 | —318 | 1.922
- 1 1T eres | 32 98 147816 (147975 | —159 | 1.988
@D)IP 0 100 141401 | 141285 116
1 97 140080 | 140060| 20| 1.480 (G | 5/2|92+6(DyF 148663 | 146649 14 | 0.860
2 98 137876 | 138023 —147 1.493 7/2 | 88+9('D)*F 147806 | 147893 —87] 1144
@D)F 92 96 142491 | 142405 86 0.688 (1G)y:G 7/2 99 153609 |153743 —134 | 0.891
3 |71+ 26¢D)F 140664 | 140726 | —62 1.068 9/2 99 153808 |153942 | —134 | 1.110
4 141335 | 141195| 140 1.250
(1SPP 1/2 99 183398 0.667
D' F 3 167+ 18¢DPF + 12 3/2 99 184608 1.333
¢DRD @DFD | 144511 | 144544 | —33 | 1.066
DD 2 |62+ 34¢DPD eDPD | 145252 | 145451 (=199 |  1.051
D)'P 1 98 147505 | 147279 | 226 0.998
DD ) S 97 147577 | 147587 | —10 0.521
] U Sl —87| Lol This paper was supported in part by the National
¢DPF 145074 | 146023 | —49 | 1283 Bureau of Standards, Washington, D.C.

The author wishes to acknowledge with everlast-
ing gratitude and appreciation the unremitting kind
interest in this work by the late Professor Giulio
Racah.
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served | lated C (1962).
[2] Shimoni, E., M.Sc. Thesis, The Hebrew University of Jeru-
(0Sp2P 12 100 65167 | 65254 | —87 | 0.667 salem (1959). ;
3/2 100 66885 | 66798 | 87 1.333 [3] Hollander, S., M.Sc. Thesis, The Hebrew University of Je-
rusalem (1960).
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