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1. Introduction

In the present papet we describe a systematic treas-
ment of the iow even configuration= of the sequence !
of the third spectra of the palladiuvm group. This
treatment is analogous te the treatmenta of the zecond
spectra of the iron group [1]2 the second spectra of the
palladium group [2], and the third spectra of the iron
group [3] described in three previous papers.

The approximation used in this work is, as in the
the previous papers, the Slater approximetion with
several improvements. We have included the inter-
action between the configurations 4™, ddf-155, we
have taken different values for the corresponding
parameters B, C and « of the two configurations, we
have considered the L{L 4 1) correction as well as the
spin-orbit interaction.

The main stages of this treatment are the following:

{a) The Slater approximation, improved by the
above mentioned corrections, is used to caleulate
the energy levels of each speelrum.  After diagonal-
izing (“Ddag.”} the energy matrices, the interaction-
patameters are considered as free parameters and
the best fit Lo the experimental material is achieved by
least-squares calenlations (“L.5.""). We call this stage
“the separate treatment,”™

ib) The corresponding interaction-parameters of all
the specira of the sequence are expressed as linear
functions {in some cases, with a small quadratic cor-
rection) of the atomic numher. Only the coefhcients
of these interpolation formulas (“general parameters™)
retain Lhe role of free parameters. Thuys, the whole
sequence, containing several bundreds of energy
levels, is treated as a single problem (“general treat-
ment”) with quite & small rumber of free parameters.
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In the sequence from Y 11 10 Cd I11, theory predicts,
for the configurations 4"+ 4a*-15s, 29 terms which
split into 483 levels. Unfortunately, the experimental
material is rather scarce. Only 56 terms splitting
into 130 levels were found reliable and could be ftted
with the calculated levels., In most spectra the num-
ber of known terms does not exceed the number of
electrostatic-interaction parameters; thus, a separate
treatment of one spectrum loses a great deal of its
significance. Such separate treatments were per-
formed only as an introduction to the interpolative
treatment, which is rather reliable even in this case,
since the number of parameters fs reduced by the use
of interpolation formulas for them.

In the following, we shall first give an account of
the sitwation and the separate calculations in the vari-
ous spectra, and then deseribe the general treatment.

Maost of the experimental material used in this
paper was taken from Moore's Atamic Energy Levels,
(4] later referred to as AEL. Unless other sources are
explicitly mentioned, it means that the experimental
matter was taken from AEL.

2. Notations

The symbols for the parameters are the usual ones.
The parameters A, B, C, { refer to the confliguration
ar, while A", B', C’, ¢’ refer to the configuration d"s.

In the actual caleuiations of the separate ireaiment
A" was replaced by 5'=A'—A. In the general treat-
ment A and A’ were replaced by the centers of gravity
of the configurations, M and M’, and the difference
D' =M"—M was expressed by an interpolation formula
like the interaction parameters.

The parameter G=0Gi{ds) measores the exchange
inmeractico between d and s electrons, H=R%dd, ds){35
iz the parameter of the interaction between the con-
hgurations d® and d®'s, and a is the parameter of the
LiL + 1)-correction.

435




“Diag.” i an abbreviation for “diagonalization,”
“L.5." is an abbreviation for “least-squares calcula-
tien.”

3. The Mean Error

Two kind= of mean-error are used in this paper.
The “level-mean-error,” A, is defined by the formula

A= VIR =m) M

where the A, are the differences between the observed
levels and the calculated levels fitted to them, ria the
number of observed levels, and m is the number of
free parametérs. The “term-mean-error,” A', {the
term, *mean error” a8 defined in this paper is idenlical
10 the concept, “‘residual standard deviation™ used in
statistical analysis) is defined by the formula

& = VI&f(nr — mg)

where the Ap are the differences between the vbserved
terms and calculated terms fitted to them, a1t is the
number of abzserved terms, and mg is the nuomber of
the free electrostatic parameters.

The calculation of Ais easier, since our least-squares
program furnishes ZA% the abbreviation “mean-
ercor”’ means the level-mean-error.

In fact, A" iz a more serious criterion of the preci-
sion of our approximations, as Lhe levels helonging to
the same terin are strongly cortelated, while in the
definition of A they are conszidered independent.

(2}

4. Survey of the Various Spectra
Y n—4d 158

This spectrom consists of two terms and needs for
its description two electrostatic parameters, so that
a separate treatment is meaningless. On the other
hand in the general reatment it supplies reliable
points for the interpolation formulae of [V and ¢,

The observed and caleulated levels are given in
table 7.
frip— + dafSs

These configurations consist of 7 terms which split
into 13 levels. In AEL & experimental terms, split-
ting into 12 levels, are reported; only the 'S5 of & is
unknown.

Here, too, a separate treatment is not fully signifi-
cant, since 6 elecirostatic parameters are necessary.
Nevertheless, a separate treatment was performed in
order to get some preliminary information about the
more stable parameters: BV, B, G, £, £,

Initial values for the parameters were taken from
Zr 1 [2] In L5 1, the parameter H was frozen and
the mean error was 4 becanse the number of free
electrostatic parameters is equal to the number of
known terms.

The parameters of the varions stages of the caleu-
lation are given in table 1, the observed and calenlated
energy levels in tabie 8.

Nb 10 — (4 + 450

In lhese configurations theory predicts 15 terms
which split into 35 levels. In a paper of L. Iglesias
[3] 11 experimental terms, splitting into 28 levels are
reported.

Parameters for Diag. 1 were prepared by compari-
son with the parameters of NBu and Zruox [2] I
turned cut that the level assigned hy Iglesias as 2Dy, -
is actually the 2Py of 5.

In L.5. 1 we got a mean arror of 34,

The estimates of parameters of the various stages
of the caleulation are given in table 2, the energy levels
in table 9.

Mo 11 — (4 + 455!

These configurations consist of 27 terms, which
split into 72 levels. In AEL only the level 3Dy and the
5 levela belonging to the *F of 4% are reported. Since
the ground level 4430y is vnknown, Rico and Catalan
estimated the value of the Iy 1o be 1500 cm~!, and
added to all the known levels an unknown additive
constant x. (Mote, there is no connection between
the unknown nomerical constant “x™, introdoced by
Rico and Catalan, and the variable x=r—6 defined
in eq {3a) in the section on the interpolative treatment.)

Because of these circumstances we did net even in-
clude Mo in the General Least Squares (G.L.5.)
calculation, but, using the improved coefhicients of
the interpolation formulae achieved in the G.L.S.,
we calculated the interaction parameters of Man
Ther the matrices of @&+ & were diagonalized with
the use of the interpolated parameters, and thus, we
obtained predictivna for the levels of Mo 111,

Using the caleulated values of the (*FI*F one gets
for x the value 3. For Dy we got the value 1807
cm~! and this gives x=307. We suppose that the
uncertainty of x is of the order of magnitude of the
term-mean-error of the G.L.3. which i3 91 em~1,

The predicted levels of Mo litf are given in table 10.
Te g —1{4d* +4:35)

In these configurations theory predicts 4 terms
which split inta 100 levels. Unfortunately, no level
was observed. Using the results of the G.L.S. the
interaction parameters ol Tell were interpolated,
and then the energy matrices of these configurationsa
were diagonalized. In this way the energy levels
could be calculated.

The predicted levels of Tc 01 are given in 1able 11.
Bu 111 — (4®+ 455}

These configurations consist of 48 terms, which
split into 108 levels. In AEL only 7 levels are re-
ported: The 30 of &%, and the ™S and the 8 of d®s.

Obviously, no separate treatment was performed,
but in the .L.5. these few data furnished more points
for IV, G, and { OFf course, the main role of the
G.L.5. in this case was to calculate all the levels of
Rumn,

The observed and calevlated energy levels are given
in table 12.

Bh 11: — {47 + 44555)

In these configurations theory predicts 33 terms,
which split into 82 levels. In AEL all these levels are
reported, Oaly the 5 of & iz conzidered doubtful.
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Even at the preliminary stage of estimating para-
ineters for the first diagonalization we had setious
doubts as to the reliability of the experimental material.
It is well known that the difference beiween twa terma
of @ having the same parent term of % is determined
by the parameter G=0Gu4d5s). Thiz parameter is
very stable for all specira of the transition elements
and also dees not change considerably foc all spectra
of the same sequence. In the present spectram we
conld pet for the parameter G values which were dif-
ferent from each other by about 1000 em-%, depending
upon the choice of the parent term. Omly the dif-
ference between (*DFD and (DD was consistent
with the interpolated value of G.

Since the experimental levels did not seem reliable
we decided to perform Diag. 1 with interpolated param-
aters and to use its results for a more detailed critique
of the obaetved levels. We got a very bad fit. The
deviations between the caleulated levels and those
reparted in AEL were frequently more than LKW
cm~). In order to check if there exista any set of
. parameters which will give calculated values close
te the observed ones we included in the first least-
squares caleuladon (“L.5. 1a™) 81 levels. Only the
58 which is reported as doubtful was excluded. We
got a mean error of 300 cm—'. In L.5. 1b only 33
levels were included. We did not inclode 42 levels
belonging to 4d955. The terms D, o2F, o*H of 447
. were also included. The mean error redueced 1w 273,
but B' and C' assumed nonreasonable valoes. In
L.5. le from the configuration d®s only the levels of
(31} 2D and (*I)) *D were left. The values of B' and
C' were frozen and we got 4 mean ertor of 235, It
should be noted that in L.5. 1¢ we used 6 free electro-
static parameters and 2 frozen ones for the descrption
of only 7 observed terma. Thus, the separate treat-
ment loat itz physical significance and we could not nae
it for further critique of the remaining reported levels,

In the G.L.5. calculations, it turned o that also
the other doublets of 4 were doubtfyl. Finally,
only 16 levela were included in the calcolation: the
F and P of 4d" and the *[M *D and D) 1D of &%.

After these caleulations had been finished, we had
the opprotanity to discuss the resolts with A, G. Shen-
stone and he told uws that he had reached similar
conclusions by comparing the specttum of Rh1il ta
the isoelectronic spectrum of Bu 15, which he ana-
Iyzed later.

We hope that the predictions of the G.L.5. will
help to revise the analysis of this spectrum.

The parameters of the various stages of the calou-
lation are given in table 3, thé levels are given in
1able 13.

Pd 1ir — {de® + 44754)

In these configurations theory predicts 21 terms
which aplit into 47 levels. In AEL 19 terms, split-
ting into 45 levels, are reported. Only the 'S of 442
and the high 'D} of 4d755 were not observed. The
level assigned as § *D, is reported in AEL as doubtful.
It also deviates by about 700 ¢m~! from its calen-
lated value, thus we did not include this level in the
calculations.

In L.5. 1 the mean error was 157 and in L.5. 2 it
reduced to 110. Because of the bhig distarce be-
iween the conbigurations 4d75s and & and the weak
interaction between them the parameter H is not
stable. PdimI is the only spectrum in the sequence
in which the number of experimental levels is suffi-
cient 1o make also the results of the separate treatment
quite reliable.

The estimates of parameters of the various stages
of the caleulation are given in table 3. The abserved
and calculated levels are given in table 14.
&III—IEE-FQEQE

These configurations consist of B terms which split
inte 18 levels. In AEL only the 28 of 4% is not re-
ported, and the Py of 4% is doubtful. Since also
the deviation of this level frem its caiculated value
is rather big, we excluded it from the calcuiations.

After performing Diag. 1 we saw that the level Py
deviates by more than 1000 cm~! from its caleulated
value. In L.S. la, where it was included, the mean
error was 461, In L.5. 1B, from which it was ex-
cluded, the mean error reduced to 112, Hence, we
did not include this level in the general least aquares.

Not having a sufficient amount of experimental
material the parameter H was frozen in LS, 1a and 1h.
After having an interpolation formula for the param-
eter H we could see that we forced H to assume a
value which was mueh bigger than the correct one.
Since in the configuration o®y the parameters H and «
can compensate gach other, this alse caused an un-
justified increase of o

The eatimates of parameters of the various stages of
the caleulation are reported in table 5, the energy
levels —in table 15,

Cd g — (45" + dg*hs)

These configurations inclode only three terms
which split inte & levels. All are experimentally
known.

There is no sense to perform any separate caleula-
tion of this spectrum. By including it in the G.L.5.
He %;ut ah additional value for each of the parameters

i. R {i+

The ohserved and calculated levels are given in
table 16.

5. The Interpolative Treatment of the
Whale Sequence

5.1. Genaral Deccription of tha Procedure

In the general {interpolative) treatment the whole
sequence 15 considered as one system, and the coef-
ficients of the interpolztion formuolas are pgiven the
rale of free parameters. We call these coefficients
“*Ceneral P#rameters.”

The parameters B, B, C, C', G, H, and « are repre-
senled by linear expressions of the form

Pir)=P + AP - «, (3)
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and the parameters D', £, ' by quadratic expressions
of the form

Pinj=P+ AP - x+ AP - ¥, i4)

where

x=n—6" {5a)

and

y=axt—10 {5k}
Here n is the rotal number of electrons in the states
4d and 5s. We consider only the coefficients P, AP,
and AP as independent parameters (the “general
parameters™). The substitotion of x and ¥ for n and
n? is vsed in order to get fairly orthogonal parameters.

By fitting the interpolation-formulas to the param-
etera of the separate treatments we obtain a set of
initial general parameters. Using these parameters,
we diagonalized the matrices of all spectra of the se-
quences; this is the “General Diagonalization™ (MG,
Diag.™).

In the “General Least-Squares” (*G.L.5.™ the
known levels of all the spectra are compared with
the results of the General Diagonalization. In this
unified least-squares calculation only the general
parameters specified in table 6 and the normalization
parameters M(d®) are considered as free parameters.

5.2. Tha Adual Caleubations

As a consequence of the separate treatment which
was described in the previous chapter we had for
the general treatment only 56 reliable observed terms
which split into 130 levels. Because of the relatively
gmall amount of experimental material we were forced
to use also the results of Zeiim and Ag 1y (which are
not quite veliahle) far the calenlation of the initial
interpolation formulas. For the formulas of D', £,
and ' even the information from Y 11 or Cd 1 was
uzed.

In the G.L.5. we had 30 free parameters; 22 general
parameters and 8 additive parameters M{d™. 25 of
them are electrosiatic interaction parameters and 5
are spin-orbit inleraction parameters.

A total of 483 levels, belonging to 29 terms, were
calpulated, The level mean errgr of the GL.S, is

.ﬂc._l,_g. =77 cm™!

L
and the term-mean-error is

ﬁh‘h&!: g1 ‘Zl'l'.l_1

The general parameters of the . Diag, and the im-
cproved general parameters which were obtained in
the G.L.S. are given in table 6.

6. Conclusions

We shall use the results in order to evaluate the
telative imponance of the various improvements to
the Slater approximation used in the present paper.
Generally speaking an interaction {or a correction-
term) iz imporlant if, relative to other sequences of
the transition elements [I1-3] the parameter repre--
senting it has a large value and a amall relative sta-
Lzstical uncertainty.

We see that the spin-orbit interaction is quite im.
portant, and it is certainly the most important
correction in the dght-hand side of 1the period. This
fact can be seen also from the very mised assignments
given to the levels in tables 7 through 16,

The differences {B'—B}, {C'—C}, and ({'— & are
much bigger than the uncertainties of these param-
eters. This means that it iz important to allow these
parameters to assume different values for the config-
urations 4 and 4d"-15s,

The estimates of the parameter o is considerably
smaller than in the iron group, but its standard error ia
much smaller then its value. This means that it is
atill necessary in order to improve the fit between the
theoretical and experimental levels.

Contrary to the results in the ficst [6] and second [2]
spectra of the palladiom group, the interaction be-
tween the configurations 44 and 44" 35 iz rather
unimportant in the right hand side of the present
sequence. This fact manifests itself in the large
standard ersors of H and the small values it assumes.

Out of 10 spectra of the sequence there are 3 in
which the amount of experimental material is not
sufficient for a reliable aseparate treatment. Thus,
in this seqoence the interpolative methad is not only
the more reliable one — practically it is the only method
which enables ua to predict the energy-levels for all
the third spectra of the palladinm group. We hope
that these predictions will help in their experimental
observation,

7. Tables of Resulis* Part A: Parameters

Tasirk 1. Paromsters of Zr 10— {34 + 4d5a)

Diag. 1 L5 1* G.L.5,
A 540 Ll L ] 4741
5 16360 16481 +3 16593
B 530 ERLET 532
C 1600 lagg+2 1757
= - 3000 2350 +5 2454
H K fixed EFi
o 5 2504 L1
{ 450 410+1.4 411
' 450 454 2.4 1
T S I 4

"Ln tabdes 1 the nutmber Following the 2 wipn i the LS. sandacd srvor of ths paransacar
imate.
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TapLE 2. Farameters of Wb —{4-&’+*-!d’5u}

TasBLE 5. Poramerers of Ag T —{4d + 5&)%*

Diag. 1 L.5 1a L5 1B C.L5.
A 1840 1585 = 4N 1660 =05 1855
5 T32W) 73465+ 480 TRT =113 Thlis
B' T Bal £33 B4 +8 778
C' 3210 3063 =319 BTi=78 An62
[ 23T 2413127 223G+ 33 22
R 400 fined fixed Az
o n 68+ 37 5i) = &
Iy L730 1546 + 261 1846+ 61 1825
S 1730 2031162 1978+ 38 1959
A Lo 461 112 Joarieimiemiee,

|

TABLE 6. Cemeraf parameters in the third speciva of the

afladivm-gronp
. Diag. G.L.5.
[y 48702 JAT4H =
AD- BOaT Bodth + 100
Aﬂ_)' BE )
G 644
AR 28 TE1
B ool GG %2
ahr H d1=x1
C 27564 2803+ 23
aAC 2324 nExh
v 20309 2039 = 14
AL’ 2507 LR EY
G pETH 210
M — M —3lxe6
H 250 =24
AH — 4y —42+n
o n 312
Sox 0 — 04907
3 1190 1193 16
af 221 Naxh
£ L4493 1P+ 12
AL 232 22T+4
Sl AL 5.5 132
Leve] tiean efror  |-veinriaeciciimiien- X
Term mean BIT0T  foccciiioscniacian o o1

Tables of Results Part B: Energy Levels
TasLe 7. Oserved and calcufated levefs of Y11

Ihag. 1 LA 1 G.L.5.
A 9260 Q308 L 26 9224
5 25650 26380 + 52 26485
B 850 Sha =2 50
B 550 5932 592
L 2500 HH1 2018
C 2200 pali e 2710
G 2400 2386+ 19 2424
1] 1) BT 3
o /] Nzl 3
Z 560 S44+11 535
t 560 SE%+ 11 57
a | ¥
Tapre 3. Paramerers of Bh 10— {447 + 3%}
Diag. 1 L.5 1a L.E. Lk L.5. le G.L.5.
Al 11650 | 127171790 | 11792 = 1560 | 11621 £ 146 11855
51 56750 | MBI 2454 | TOIB4+ 1570 | ST1AS5+ 222 50064
B ohY B0l =1 65114 47 2] [T
B 713 980 £ 52 1336 =74 fixed 716
C| 3068 | 3616347 157 30355 062
C1 3194 | 3844200 29262 7H fixed 3178
ﬁ 2096 | B1exHT 2R+ 35 ZHM 23 T34
R 1 e [, 166
a 2B fixad fixed 24+17 29
{1324 | 1110677 1146 hd L141 =60 1201
¢ 1450 1673 £ 450 IME=TH 1381 =102 1401
al .- i1 A3 g 15
Al e s 3054 27 . L N
n=number of levels included in the L. 5. calculations.
TaBLE 4. Parameters af Pd (11— {4d + 59
Diag. 1 L5 1 Diag. 2 L5 2 L5
A " 8100 7613 =105 TH THO2 + ) TH63
5 G510 | 65836 +=159 65836 GOE2T £ 121 G5E18
B GO 9+ 13 [ G059 L)
B’ B0 47x5 a7 T4 =3 47
[ 2500 j22] 02 3221 3322 X 67 3328
cr 2100 M2+ 25 3429 H4h+ 18 340
o 2270 227724 b 27414 274
H 385 146+ 56 235 = 124
o 40 il x4 3 M3 28
4 1300 1664 =72 166504 1519 =43 1545
4 1530 1681 + 26 1681 b+ 18 1667
4 157 me | ...

G.L.5.
Lond, Term I Observed
Cale, 0-C
4o WD 32 iX] 13 - 18
a2 T24.8 &2 —T7
b i 5] 112 T466.2 1371 95




TapLE 8 Mserved and caleulated fs.lrsh af Zrmn

TasLE 10 aerped and cafeafated fevelz of Mo r

G.L.5. G.LE. Cale.
Conf. Term J Cbaervad Conl,| Term J1 Chserved £
Cale, (LR ™ Cale. T
o4 il 2 .00 -1 L & ) 0 (000 40 i— 40
3 Gal.0 683 —32 1 4. 100 275 {— 32} 1.5}
4 14864 | 458 -2 F [665.60) 688 — 18 1.499
4t a'D g 5741.55 5725 16 3| aEeso 1224 (| L4od
a7 P 0 806207 8045 17 ] {1873.80 1847 2n L.4a7
1 B325.65 #a12 13
2 BB3B.21 8833 o o ap 0F (1127120 11328 =57
d? aHz L) 11048, T} 11067 — 18 1| (12509.80) 12554 [—44) 1.493
s D (1 18398.87 18352 17 21 {14357.20) 14373 i— 16} L4391
2 1980273 187196 T
3 19533.35 19532 1 o 3y 4| 0263031 | 12634 —4 | G4
a3 15 i) 113832.07) 24518 3| (3zuLas 13201 LiL] L3
ds DD | 2 25064, 25 25138 — 56 6| 13741540 | 13701 41y | 1167
o F 2| (13927 13922 {5) GLalo
e | 3| 1amMido | 13024 25 | 1015
SFGHH |4 ] 420585 | 14233 gy | LI18s
M WA A (1567225 15834 =14 | nB22
4 [ (16143.15) 165884 — &I i.067
w0 5| (16763.14) 16629 [134) L1903
iyl N A1 (TOFN N 19301 L1 1.329
2| 1078308 | 19403 20 | L1&D
TasLE 9. Observed and rofealated levefs of Mbuz 1| {19995.50} 10806 M [ 0500
& 1] /] 19754 L0032
o G 4 0T (Wi
G.L.A. o =] ¢ 22555
- Calc. ot D 2 23221 L0i]
Iglesias |Conf.] Term J | served & at 'F 3 2903 1005
Cale. |D-C
o ap 2| owszs00 | 21086 (—%3) | 1495
L] i322uzim amn —3m 1.493
P a'F a2 0.0 63 | —63 L0403 0| i22887.80) | 32978 {88
52 al5.8 365 | =—ay |1.029
T2 66| 1208 [—32 |1.237 fin F 3 [ (F1932.50 31970 [=37) LMG
gz | 10800 199 [—10 (1381 3| 132142800 | 3262 | (—10% | 1082
& &P /2| %6564.3( 8614 50 (2.430 21 (L2650 2112 [15) ne72
3/ | B6OTS]| 8562 45 | L5209
B2 | 9593.7| %486 | L10& | 1.5% s {FFF 1] (32419.44) 32428 —An | D01
& a: | e 2215 21 (0800 2| (3284040 3ZE4 = 10" 1.000
gz | usnes| 961 | a4 1WA 3| 33453100 | 33450 t—6 | L249
B p 112 10753 0.9 4| (d4226.01) 3227 i—1] 1.349
2= IP4+4AP +2D | 372 | 09122 | 10R59 | —46 |1.307 31 35130. 10 35122 18 1.398
o u*H 92 | 12916.4| 12856 6 (1.925
112 | 13268 8| 13183 Bl |1.091 o W 4 36023 L.00G
Il N+ 372 128 0.8
0 572 | 1306%4.0] L3041 53 |13 &5 PP 1| 42405500 42389 17 2473
df a*F TIZ | 19861.0] 19607 | —d46 |1.142 L il 2| (42665900 42652 114 1378
502 | 19075.0] 20061 | —B6 [0.857 P 3| (4346266 | 43420 43 | 1.5%
P {IFF AF2 | eRdal YRR | — 20 (0403
5/2 [ 25735.2| 25759 | —23 | 1.02¢ o | (EPFHP (2] (42605.54) | 42526 @ 1112
T2 | 204637 26481 | — 18 | 1.238 HFRF 3| esse26l 43557 i) 1142
92| 29aV3.5] 2732 | —9 | 1.333 445656, 646
a8 in 52 31463 L1197 H o 23) (1ot 1.231
’ af2 2178 08000 | ;| ¢GoRG |3 46227 0.763
&5 | pFsF | 52| 33658.01 33650 | 8 |0.5% A I {ABS5T.96) | 46544 e | 1053
21 35020.2] 35060 | 191141 5| 46581.03) | 46021 | (—340) | L1ds
o5 B /2| 34514.5] 34500 15 12604
372 | 34807 2| 34797 M| 1.704 1
w4 | 52 |340m0e| 3eees | 7 |User| | ¥ D2 4754 1007
as | PDisD | 32 |36535.7| 36577 | —42 [0.832 wppp | 0 48707
p+p | 52 |amiaz| anies | do|rass| | oD | 0 {@8753.45) | 48636 D | 115
s GG o2 | 40875.2| 40939 | -4 | 1.112 = 15072 . 1.383
712 | domia 9| 0959 | —15 Joem 2| 49052.05) LIS E
s PP 112 43004 {672
32 43729 1.328 &5 | (HFH 4 ;ﬁ";‘?‘g o
& rers V2 STt 1997 f 50459 1.167




Tasre 100 Dbzerved and caleulaied leveds of Mot — Continued

G.L.E.
Conf.] Term J| Observed Cale.
Cake, | 0-C | &
s PFIHEPHP| 1 S200 0,946
e |2 51280 1284
in 3 ol204 1.333
s 2 4 EEATA {085
W5 {'P¥E i} S3082
P+ ] b23E 1.284
I 2 53858 1.437
5 {*HY EHL 5 54031 (R
s S 1 56174 1.133
s Dl | 2 i L.0o1
s CFPF + 58311 1.249
3 SELO0 L.0gs
b 59121 0672
Fing 5 L] 61410
&1 *FI'F 3 EM) T2 1.004
s B*Drl | 3 T1a%G 1.3%%
2 TITOZ 1.1465
I Tt {0500
o5 | WwDYD | 2 Te8B7 1.00n}
Tase 11. Calculated fevels af Ten
Laond. Term g L5 Cale,
£
g s a2 -3 .97
oF L= 32 19179 0.586
Flp 19343 0988
92 19442 1.172
114z 19308 1.271
i 1P +4D 52 AT 1510
- 3z LA 1.564
142 21759 b
o 4D T2 23007 1.422
D+ 52 23548 1430
- a2 it 5 1 .35
142 a2 (14545
o i | 112 28153 0933
1452 H52L 1077
ot D+ F o2 2536 1.5
D+ F sz | a0 0.681
& F +3 o2 | 31308 1202
‘E‘I"F 112 31N 1,152
“F 572 31746 1.015
"E + D 32 s Tk 0,334
&£ =E+"F e a2 1171
I 470 siz | 3zm00 1.002
& *H 45 +F o2 | 336r2 1028
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Tanle 11. Cafealaeed Levels of Te 111=Cominoed
LConi. Term S L35, Cale.
£
‘H 1142 34054 1083
i L T2 245650 0,915
¥4+3*H bl Aoha2 1034
ds iF 12 36540 1.146
i AH35 (s
i L] 12 U 1.407
s i 32 T8 0.801
512 44757 1t
s (DrD 142 44705 335
T 45063 1.864
aiz T 1.656
Efrs 46287 1.583
g Ly 1.55%
o H; 92 9258 1.111
T2 40405 {.8%1
s (DD 12 i 0,053
32 L7168 LMk
ald STuSG 1.367
i SBE47 1.427
ot P 3f2 EGEG 1317
12 58038 0.660
1] (e PPP 11 H13HP 2613
32 G857 1.716
afd LEOTES 1.584
g t#*H)*H T2 61772 LLEri
g2 6063 1.1
1142 2Ty 1.14]
132 63129 1.21%
Lot [FPrF 32 6378 0414
14*F¥F + %> a2 a4 LIRS
iz HI008 1.154
ura BHIED |8
& D 52 51334 1.195%
2 525 0.5
&Hs WG + 1 'l An3aE 06
T BT Ll
912 66416 1. 1586
[ B 1142 6569 1.25’9
s {@'PRP ++D 12 68826 0.564
{2?FE P 32 11968 L3
o5 [*HFH G2 L8 b 0.G3%
H+1 142 649934 1.071
s (DT P 69731 1420
B2 GO 1.356
32 60T L.20%
D4+p 112 TS 0.170
d4s {a°FFF 12 70191 1066
oMy &l 11320 0802
Il 1342 12509 1079
'1+ TH 1142 72703 0930
s (GG 72 72503 0899
BEEG + GG 02 73239 Lz
ra (GG +43CFC o2 4267 1.065
¥+ 9F T2 T 0.0
Hs (8PS 12 THGTZ 1966
s ('DPE + P IHT A 16635 LR x)
B2 THTS 1.197
130 (DD 4+ ' DD L1y TTOL8 1187
3 TETGE 1,505
s I'"FFF T2 #1036 1,153
52 Bla6d 0,541




TasLk 11. Lalenfared levels of T 111 —Continued

TABLE 12. Mmerved and cafcafoled fevels of Buin—Coatinued

Conl. Term I LS. Cale.
&

Pl PP 8fe 83340 1.583

342 84675 1.697

1,2 Esal6 2040

o [FFPF 92 B4019 1.330

Iz | Basos 1227

52 B400r1 1.01%

32 B4305 0442

s (MFIF + 30 e Wt 1.0k

[ FEF af2 454 (0. 560}

T (PP 312 21036 1.334

152 92741 .a78

Pt (G oz Yl6ag 1L.113

4+ cF T2 LR | &3 0.993

™ (T Az 104753 0,800

ol 1764 1.5

dts {BSPS 12 | 120665 1000

TaniE 12. Dbserved and coiculnied levels of Ru i

G.LS,
Conf.| Term J | Observed Cale.
Cale, Y g
F: o o 4 0.0 —35 35 L49a
3 11588 1139 0 1408
2 1826.3 Lazy —1 1498
1 2266.3 e -12 1498
1] 24760 2495 —19

| HEFAC | 4 15028 0.9
HHG |5 15526 1.066
*H 6 15081 1.162
o P 2 15092 1.486
1 18412 145

L] 19048
& FLH |3 Lekid L0423
aE'+3'3 3 16857 L02Z5
F Z 17357 0677
& IGHHE |5 18612 1157
GHF |4 19611 1.062
3 19878 814
* 1] 1 22495 .550
2 22319 1171
a 22544 1.328
- I (3] 23250 1.0
o L) 4 24003 L.006
S ("Sw’s 3 Zi1162 B 27197 —14 1947

&= 5 1] Srade
o 1] 2 25412 1.008
F: o 'F 3 1206 1007

&= tp )] 2042
1 35818 L9458
2 JB006 1.4%1
o* F ] IS 1.244
3 A7s54 1.079
2 JT008 0671

442

: G.LS.
Conf.| Term J| Observed Cale.
Cale. 0-C £

&5 #oets | 2 41I11L.7 41121 —G 1902
a* U 4 42394 L.00G
g8 | PGFG | 2 1433 0.345
3 51561 0.924
4 RlGTE 1,152
5 L7442 I.266
/] 51702 1.332
@ (CPPP+D| 3 53614 1.600
2 23937 1.7
1 54432 2.257
o ip b 48T 1.013
a5 MDD 4 55455 1.453
IHP |3 57107 L5542
2 57152 1.6040
1 T 1.7%

N " SO198
s | PGPG 3 i) 0771
3 APt 1.054
5 &0957 1.195
o |'FPPPHD 2 62624 1.323
1 63453 L033

P 0 4541
o i#F1 5 54001 .847
] 3 1.030
7 22 1.143
&£ [PDRDAF | 3 as0L2 1.294
iD 2 66051 1.152
iDpP 1 262 0.669
&3 | *FPF+P | 1 65273 0316
LI 2 Go408 1064
AFH 3 6h724 1.275
*F 4 A5554 1.336
5 G454 1.382
s | *THIF+HF | 3 OOEHS 1216
HHFH ] 2 60516 1086
MH2F43F | 68811 0497
a5 | F+2D+2P | 2 67522 0.984
FHCHR | 3 70165 1.040
iF 4 6B8T 19 1.241
oz | FlI+EH |6 68535 1002
davs AH-H 4 T3l 0823
5 12693 1.110
*H+11 /] 12408 1.1249
s L+HH [ A 70511 1.126
4 e 0,565
C-HF 3 T1472 L.}

o 5 ] 71104
s Lla* D D+=F| 2 107 0.892
s | CFPE |2 73635 0705
FHF |3 73412 1.059
4 73715 1.227




TasLE 12.  Obserpod and cafeafmed lepelr af Ru [.u—(‘.anu'num:l

TABLE 13. Chaerved and calexlzted levets of Bhill— Continged

223=178 O=fi=?

"
i G.LES, G.L.5.
Conf.f Term | J | Observed Cale, Cond. Term J | Oheerved Calc.
. Calc. 00— 4
Cale. | O-C
s | FPFHG| 4 74832 1.154 ]
FHE | oa T4904 1.063 o5 rFeDd [ 72 B4682.2 | 54576 56| 148
Taf P T5138 .73 5/2| 561257 56109 17 1.370
’ [ 570025 | ST0IE 0 1.2
& |CFiFer| 3 75145 L.050 -~ p— ]éﬁ ¥7a3l3 g;i"{g —i4 'f:g%?
&s | ("H'H | 5 76330 L8 H+G 112 62574 1153
s CCHAF | 4 TN LI HHG+F | 92 62416 1.021
aEa {3555 1 TinZ2 1997 - T2 62857 0. 76
&s | TFPF | 3 78799 1.027 & | ey | 52 62555 1.585
il 13505 0 vt | e 65406 1574
s . 1 1 1 B2o1( 05402 112 67426 2.523
2 BI073 1.1681 a8 ‘F++H Q2 Ba24 1.191
3 B2477 1.311 e 63732 1081
S | DD | 2 87964 0,959 TG s 0857
;fl: [FG]BG 5 LT 1.9 FEF a2 65263 0,492
4 BBA35 1051
3 5434 0.754 # | €+H [uz 66126 1.236
. G+F | 92 67620 1175
Fs | oGrG | 4 42063 1001 G
@s | FPFP | 2 S00U3 1,450 12 68041 1.020
1 0314 1486 52 67T 0,068
o 90513 & fHFH  [11)2 9678 1.041
H+G | %2 9710 0964
& |{*P'PHD] 1 103474 0,923 1 1
s 1 DpD | 3 105404 1338 ¥ _ E+'G+ 1] s TOS6T 1.12
2 105701 1172 FFPAF 52 72331 nan
1 10alle 0595 d"s P+D+F | 312 0583 1.345
1P+ 35 1/2 73050 0842
F 1) — .
& e | 2 110240 1.003 s (=D 12 0810 0_15%
“'E+ p 32 T1264 1.256
Tanie 13. Cbserved and colcalored levels of Rhonr P 512 TOOR4 L.361
Fi} 71445 1363
¥ gcpc | 92 73708 1.089
GLS. 12 74718 0909
Cond. Term J | Ohserved Cale, g s U 13/2 T4084 1.080
12 74354 0,939
Calr. Q- % (GG | 92 T 1.006
34T T2 T4 (945
a7 a'F oz Ot -2 25 | 1.327 a9 (ADPD 22 Tio%0 0.821
Ti2 2147.8 2124 24 | 1.236 52 TR 1191
512 3485.7 MT6 9| 1.041 s HptPHiP | 12 TS0 1.547
ez 43220 450 —0 | 0414 B ' DED a2 BB313 1.2
s Sl o'F 52 | 110623 11060 2 1.592 A2 80439 DA
F+ip TP BT S 106G | =838 | l.od2 s ('FprF Fir 2064 1.157
- 12| 124608 12519 —50 [ 2.507 52 B2130 0.88&
o L 92 3092 1.093 a¥a {"F¥F L& B5315 2.601
e L5229 0893 2 J627T9 1.718
& IP4ID+HP| ZfE 16334 1.2} 2 BROZT 1579
P+P | 12 18451 0827 s | WP 92 7320 1328
a7 *H 112 17317 1.0 5':*2 BTG Lol3
N 42 19500 0,931 £ R7453 0dls
ot D 32 18436 [ 1 oy {PPEP 1 Qo 0687
P+ irz 21873 0,060 EY 5311 1.330
g aF 512 SETOR 0,963 s T+ e 4021 1093
i 2780y 1.140 (HFRF | 52 4542 0.862
@ D s dazsl 0.800 s | WBGEG | 92 95741 1114
g °DetD W2 | 4320 J20H0} 12 l1.552 !E+i[-" 2 96104 0940
T2 | 443944 44385 9 1.584 2 (HOD 52 110016 1.200
e | 45ETEY | 45273 3 1.454 e 110018 0301
HZ | 40BTHAH 45876 1 1.862 % (5SS 12 13531 1.999
2| 462271 452350 -3 0
443




TaBLE 14, Dbeeryed ond cafcufared J'.-eucfs af Fd

TabLE 15, haerved and caleuloted levels of Agm

G.L.5 G.LE
AEL | Conf.| Term J | Observed Calr. Conf. | Term J | Observed Cale.
Cale. [O=C| & Cale, 0-C &
" a'F 4 0.0 2| -2 (1248 v oD H2 0 23 —=21 | 1200
A 32207 3227 3 (1083 372 4507 4587 20 BN
2 4687.3 47 43 0,714
s GFalF | 2| 65250 43281 —33 | 1.332
el o sl g 1 2 2305 10E30Y —69 (12684 gg gi’ﬁ g’{ﬁ 21; }Eﬁﬂlir
IMT0 13304 76 [ 1.500 - '
P 1.!- lﬁwﬁ ,ﬁm 5'35 32| 69351 BN} —0 | 0.440
aiF, | o ar | 2 14634 3 s8] 153 |1.168 ] CFeF | He | 69l 71579 113 | 1151
o aG 3 178804 17824 56 11002 TF+IHP | 542 73924 T2955 =21 1.135
a° 15 L] 41196
r {Fla'F 5 220159 52885 31 113 s PHF | 52| T6d04 Tod15 — | 284
4 | ssiaus ssigol 49 |1.344 P00 | 302 T3 7476 =65 | L4
3 56741.5 S669T 44 FL248 P 112 | (I93267) TH93% R
2 STB4S 0 5TB0G 30011002
1 H8627.3 SB492 36 (0017 d*s | D+P+P | 32 #I131 12 k3 —&82 1189
s {1IF)HF 4 625609 62397 163 | 1.2 TH-P 52 82231 B2363 =132 1.236
3 G32ab.4 f5181 74 [1.151
2 670794 Lo M| 0.6% o D 32 b GY Fy 85214 —34 1.212
a3 (PP 3 B .0 Lttt 19 | 1,595 112 | @rath B5512 0682
2 6G5750.3 45817 —20 | 1.754
1 47151 4 67105 | —4 2403 iy (MG | Of2 B5509 BT —10d4 1.113
a5 (M0 3 HOUE5. 8 0034 =49 ]1.185 72l a5 #5760 —23 | 0RO
3+H 4 TLMT.2 TLO2T 20| 1022
WG 3| 7ereen | rere1| —aloase Py 'SP | 112 111864 1.994
s {*PPP 2 274550 T2eoG]| =113 | 1.381
F+HP4D | 1 TIDR2.5 T3] —93 | 1.259
H —_
{{—f;%’; 0| 7sLL | 73200 38 Tasie 16, Obsered and cafculated levels of Ca NI
i i*Hje*H L] T4073.3 T4741| 6T | L1467
5| 719676 | TSeT1|  —a|Lodo GLS.
sH+c | 4| mse1l | 78525 560890 | | cont| Term |J | Observed Cale.
Cale, Q=0 £
s WrtHAG | 4 T30 2336 47 (0,957
a5 [ (PP | 2 | 754550 | 5447 8|14
1 TGS 193] =137 { 1.346 pL ol% il o0 -T2 72
1PEP+ L 87325 THGBE 0 a* (DD | 3 84543 BO540 —a6 | L33z
Erp 2 823546 B36] = | 1.125
a5 el | 3 762314 76235  —4]1.331 H S LR BH23T —18 | Q500
DR | 2 181608 78125 45 [ 1176
PP | 1 Ta120.0 THZID| —S0 | L s Ea'D | 2 BRRTL B 85534 38 L4z
d's (FHya'H o BiE0S5.1 8802 3 Lo1z
P 1IP+D43F | 1 B2620.3 BRG] — 180 (0925
I e - | 2 B32.2 8311 . . .
f ‘aapft[) o IR R An Additional Remark. The caleulations reported
3 OFwsF | 2 | 854207 | B54¥| —74|047%] in the present paper had been completed about five
3 meala | 0] -11011.084)  years ago and then the results were sent to several
: - . spectroscopy groups. Some weeks ago, after the
& cheF | 3| 906842 | ooms7| —173|1.004| stencils for the preprints of this paper had already been
g [ MDD |1 | (103520.4%) | 1O2B5R 05011 typed, we received from Rico a reprint of his paper
g }5*'351‘]‘3‘;’ lgﬁﬁ 21160 ) [7] on the spectrum of Moill.  Ta 1able I of his paper
- : Helad) 29500327 Lo compares his observed levels with our theoretical
#r | wowo | 2 108183 Logz| calculations and the fit is quite good. Checking these
resplts we found out, that by adding 10 all the caleu-
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lated levels of Mo 11 80 ¢m—? the fit is very much im-
proved and we get a-mean error of 95 cm—? with
Mid4 being the only free parameter. In tahle 10 we
have added the observed levels of Mo 11 enclosed in
brackels in order to indicate that they were not
included i the G.L.5.

The anthor also was informed by L. lglesias that now
. she is making a new analysiz of Rhm. Hence, we
already know that the calcuolations reported in the
present paper actually help in the further analysia of
the third spectra of the Pd group.

The author is grateful to the late G. Racah for his
invaluable advice during all the stages of the present
wark,

The apthor is thankful to Prof. A. 5. Shenstone for
the thorough commom discussion of the spectra of
Pd 1 and Bb 111,
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