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Asymmetries of Zeeman Patterns and g-Values 
for Neutral Manganese 1 

Miguel A. Catalan 2 

Spectrograms of manganese made a t the Massachusetts Institute of Technology with 
fi elds in excess of 84,000 oersteds show many Jines that exhibi t various degrees of distortion 
in both the posi ti ons and the intensities of the magnetic components. The interpretation of 
these asymmetric patterns has been made by t he approximate theory of t he partial Paschen
Back effect. The g-values that have been derived fo r several energy levels of Mn I are 
found to con form , in most cases, with t ho e required for LS-coupling. A few excep t ions to 
t his rule have been considered in some detail. General tables have been computed, which 
will permit explanation of th e distor t ions in other spectra. 

1. Introduction 

Ever since the discovery of the splitting of spectral 
lines by a magnetic field (Zeeman effect) the ob
servers have called attention to the fact that some of 
the patterns are asymmetrical, the distances be
tween their magnetic components bcing not rigor
ously equal. These asymmetries make it difficult to 
compute the g-factors tha t govern the splitting. 
Two early examples of asymmetric patterns are 
given by Martinez Risco [1),3 and by Back and 
Lande [2]. 

At that time it was impossible to determine 
which of these differ ent separations between mag
n etic components ought to be used as coefficients in 
the equations for obtaining the g-values of the 
atomic levels. Back adopted an empirical proce
dure, which is described in his paper on manganese 
[3]. This procedure has since been much us cd be
cause in many cases it gives values in complete agree
m ent with the LS-coupling values. 

In recen t years some authors, who have had the 
opportunity of measuring t he beautiful plates made 
at the Massachusetts Institute of T echnology by 
Harrison and his collaborators using magnetic 
fields of about 85,000 oersteds, have again called 
attention to the fact that some of the patterns are 
very asymmetrical [4]. 

The author of this paper , who is at present work
ing on the stru cture of the manganese spectrum, 
has measured some excellent plates made at MIT in 
1939. The measurements indicate that many of 
the patterns are more or less asymmetrical, and 
that these asymmetries affect the g-valu es by as 
much as a few percent depending on the rules 
adopted to calculate the average separation between 
components. On these plates maoy of the most 
interes ting asymmetric lines appear too weak to be 
measured accurately, some of the faint components 
b eing absent in many cases. It was, therefore, 
decided to obtain new, long-exposure spectrograms 
of the manganese spectrum in the magnetic field. 

I This research was carried out during tbe author's visits to the United States 
1948-49 and 195()-51. It was made possible by grants from t be American Academy 
of Arts and Sciences, tbe American Philosopbical SOCiety, P rinceton Un iversity, 
and Massachusetts Institute of Technology, and also tbrough tbe cooperation of 
tbe National Bureau of Stan dards. 

2 Present address, Uni versity of M adrid, Madrid, Spain. 
• Figures in brackets indicate tbe literature references at the end of tbis paper. 

The large Bitter magn et of the MIT, which had 
not been in operation since the war, was again put 
to work (not , however , without considerable trouble) 
by J. C. van den Bosch and the writer with the help 
of G. R. Harrison's assistants. A b aautiful set of 
plates in which the in teres ting asymmetric patterns 
appear strongly was then secured . The procedure 
employed in making the spectrograms is that de
scribed by Harrison and his collaborators [5]. 

The electrodes for these plates were prepared by 
compressing powdered manganese with silver dust. 
The manganese was prepared by an electrolytic 
process and presented to us by W. F . M eggers. It 
was extremely pure. 

The accurate measurements of these spectro
grams by the author hav e permitted him to ascer
tain the cause of the observed asymmetries and at 
the same time to deduce the best procedure to elimi
nate the distor tion in the computation of g-values. 
These distortions in the magnetic patterns appear in 
both the positions and the intensities of the compo
nents. In the following we shall describe first the 
asymmetries of the positions and later we shall 
consider the perturbations in the intensities. 

2. Experimental Asymmetrical Patterns 

The pattern for the line a6D'7>-z 6D~»= 24485 .25 
cm- I of Mn I , at 4082.945 A, obtained experimen
tally shows unequally spaced components. Irregular 
intervals between adjacent components are found 
both in the '/r- and <T-components. This is an example 
of an asymmetrical pattern, which contrasts with the 
symmetrical ones generally described . In table 1 
the theoretical values of the wave numbers of the 
components are compared with the observed values 
[6] for this line. The experimental intervals, although 
irregular, show curious regularities. Any cause to 
which the asymmetry of the pattern may reasonably 
be ascribed will not alter the validity of the combi
nation principle. This means that the displacements 
observed in the magnetic lines will be due to dis
placements of the magnetic levels involved. A per
turbed level will show the same displacement in all 
lines that originate in i t. Double-array tables will 
then be suitable to represent an asymmetrical pat
tern, and in such tables the magnetic levels will 
appear with their displacements. 
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TABLE 1. Theoret'ica! and observed components oj 24485,25 cm- I oj Mn r 
[Lorentz Unit ,,= 3.055 em- I] 

PoJarization 'rhcol'ctical unpcl'-
turbccl wa ve n umber,,, 

u _________________ 24477. 45 
u ______ ___________ 24478. 28 
u ____ _____________ 24479. 11 

u __ _____ __ ________ 24479. 95 

~- ---------------- 24484. 00 

~------------ - ---- 24484. 84 

~---------- -- ----- 24485. 66 

~----------------- 24486. 50 
u ___ ______________ 24490. 55 
u _________________ 2449 1. 39 
u ________ _ ________ 24+92. 22 
u ________ ___ ____ __ 24'l93. 05 

I I I I p.rturb.d 

I I I I 
I I I I 

unperturbed I I I 
I I I I 

I Un " w ithout f ie l d 

I I I I 
I I I I 

unp.rturbed I I I 

0" I I I I 

I I I I I I II perturbed 

F IGURE L Compa1'ison of positions of ('o mponen ts in a 
pertU1'bed and an unpertv rbed patten!. 

In a perturbed pattern either t he ,,-. or the u·componcnts are unequall y spaced, 
in contrast to t he unperturbed pattern. 

Figure 1 indicates the positions of per t urbcd and 
unperturbed components in an imaginary example. 

The wave numbers in table 2 are experimental 
values tha t give the adopted values for the displaced 
levels from which the wave numbers of the compo
nents have been recalculated . The decimal parts 
of the resul ting valu es are listed in table 2 under 
the corresponding observed value for comparison . 
The close agreement between calculated and ob
served values in table 2 proves the validity oj the 
combination principle when applied to an asymmetri
cal pat tern and hence the possibility of computing 
values for the displaced levels with the observed 
wave numbers. 

The observed intervals between the consecutive 
magnetic levels are thus unequal, being 7.09 , 7.39, 
and 7.67 for a 6D1M , and 6.43, 6.50 , 6.54, 6.62, and 
6,67 for z 6D~M' The differences, in bo th cases, 
cannot be aseribed to experimenLal errors bu tare 
clearly due to an asymmetry . 

At the bottom of table 2 the pattern for another 
line a 6D1 M - Z 6D~)i is included. This Mn I line has 
the level a "D IM in common with the other . From 

'-n tcrva l,6, ,, I Observed per· 
t urbcci wave num ber,,, I n {,cr val, 6 , 

24477. 18 
0. 83 1. 14 

24478. 32 
a. 83 a. 89 

24479. 21 
a. 84 a. 67 

244 79. 88 

24483. 83 
a. 84 1. 0.5 

2448·1.88 
a. 82 a. 84 

24485. 72 
0..84 a. 60. 

24486. 32 

24490. 49 
0.84 1. 00 

2449 1. 49 
O. 83 0, 74 

24492. 23 
O. 83 0, 61 

24'192. 84 

the observed componen ts one may calculate the 
perturbed magnetic levels as before. Thc resulting 
values for the magnetic levels belonging t o a 6D l~ 
are exactly th e same as those for th c line 24485.25 
ancl hence show the sam e perturbed intervals 7.09, 
7. 39, 7.67 . Many other examples could be presented 
to prove the existence of asymmetrical pa tterns. 
All of th cm show the same singularities. The ir
reg ularities in the displacement are exactly the same 
for all lines having their origins in the level involved. 

3 . Asymmetrical Pattern in Theory 

In 1913, while observing the Zeema n efIect of the 
line 6708 A of lithium, P aschen and B ack found that 
the observed pattern was in complete contradiction 
with t he Pres ton rule. It is a close doublet, and 
there is a sort of interac tion between the cffects of the 
two lines forming it. Similar results were obtained 
for other close doubl ets and triplets, although lines 
that are not organically connected do no t show this 
effect, even though their wavelengths may be very 
close to each other. This interac tion was called the 
Paschen-Back effec t. In some cases the observed 
Zeeman patterns for very close multiplets exhibit a 
sort of distortion due to partial Pa schen-Back effect , 
the fi eld in these cases not being strong cnough for a 
complete interaction but only sufficient to alter the 
normal pattern, 

The theory of the P aschen-Back effec t has been 
developed in detail by different authors. Kiess and 
Shortley [7] have recen tly considered the distorted 
patterns in the oxygen and nitrogen spectra, and have 
found a quantitative theoretical explanation of them. 
The multiplets 3s 3SO-3p 3p and 3s ss o- 3p sP of 
o I at 8446 and 7771 A with the narrow intervals 
0.5, 0.7 and 2.0, 3.7 cm - 1 show a great distortion. 
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TABLE 2. Observed pert1l1"bed patterns for lines 24485.25 and 24630.08 of :\'[n I 

[L U =3.955 em-I ; levels 42053. 73, 42198.56, and li568.48J 

a 6D l~ 

.~;[ Level M = - l )1 M~=--o)1 M =O)1 M = I )1 

17557 .53 7.09 17564.62 7.39 17572.01 7.67 17579.68 
- -----

- 27f 42037.41 24479.88 
.88 

6. 43 

- 1 7~ 42043.84 24486.32 7.11 24479. 21 
.31 .22 

6.50 

- 07f 42050.34 24492.84 7.12 24485.72 7.40 24478.32 
.81 .72 .33 

z 6D~}i 6.54 

07f 42056.88 24492.23 7.35 24484.88 7.70 24477.18 
.26 .87 .20 

6.62 

17~ 42063.50 2449 l.49 7.66 24483.83 
.49 .82 

6.67 

27f 42070.17 24490.49 
.49 

- 0% 42 192.45 24634.93 7. 09 24627.84 7.42 24620.42 
.92 .83 .44 

z 6D~}i 13.10 

07f 
I 

42205.55 24640 .91 7.37 24633.54 7.67 24625.87 

The multiplet of N I , 3s 'P - 3p ' So a t 7423 to 7468 A , 
with greater intervals, namely 46.7, 33.8, shows 
much smaller distortion. The results of Kiess and 
Shor tley for N I , in a multiplet with t he relatively 
wide separations, 46.7 and 33 .8, indicate clearly t hat 
multiplets with relatively great intervals, in other 
elemen ts, could be expected to show also measurable 
Paschen-Back interaction. This conclusion sug
gested to the writer the likelihood tha t the observed 
distortions in Mn I are due to a similar effec t. In 
order to prove this hypothesis the structure of the 
levels so affected was considered in som e detail. 

According to the second order per turbation theory 
[7, p . 204] magnetic levels having th e same magnetic 
numbers M , and belonging to spectroscopic levels 
which differ by one unit in J -value, and to the same 
term, repel each other by an amount, ~ , equal to 

12 
~ =8' (1) 

all quan tities being expressed in Loren tz uni ts . In 
this formula 0 is the distance between the two 
magnetic levels under considera tion. Within the 
accuracy of eq 1 0 represen ts either the per turbed or 
the unper turbed distance. The factor 1 is the in ter
action element; its values depend only on the partic
ular values of S, L , J , and M for the levels involved. 
Equation 2 gives the dependence of I on the quan tum 
numbers in Lorentz uni ts, LU: 

.93 .54 .87 

1= 
j-;-( J;-_-LC;C-+--;-;O;S:;-C) ("J-:+-;L;---SN.)"(7L --C+rS;-;+-:1;-+;-J")' ( "--L 7+"S-,+-:1-----.J ...; J 2 _ M 2 

-y 4J 2(2J - 1) (2J + 1) . 
(2) 

H ere the value J is the larger of the two J-values 
involved. The energy per turbation is to be appli ed 
to each of the states always in the repulsive direction . 
If more than two states interact, the perturbations of 
each pair may be supposed to opera te independently . 

The wTiter has compu ted with formula (2 ) the 
values of 12 and 1 for the differen t cases. The 
resulting values are given in table 3 with the I-values 
above and the f2-values below. In general th e 
values of the interaction elemen t increase when either 
S or L increases and decrease when either J or JM 
lllcreases. H ence the greatest interac tions are ex
pected in terms of high multiplicities and high L
values, and, within a term, the greatest in teract ions 
may be expected in the levels with smaller J - and 
l\d"-values. A very importan t conclusion is that the 
sign of 111 does no t affect the I-values because 1."\1 
appears in eq 2 as a square. The same I factor 
corresponds to level (+ M ) as to (-1"\1) 

Because the measured distances betweeen 
magnetic componen ts and, ther efore, the level
separa tions are expressed in wave numbers, cm- I , it 
is desirable to express the values of I in the same 
illli ts . This is done by multiplica tion by the 
Loren tz unit (LU) , which is a = 4.669 X IO- 5 H cm- I, 

504 



----~--~----~------------~ 

T ABLE 3. Values f aT the intemclion element, I , and its squaTes 

[Upper figures are I-values in Loreutz uni ts; lower I ' ·values, in (LUl'] 

E ven multi plicities 

M (±l 
Interaction bctween-

0),-2 1),-2 

----.-------.---------------.------------·----1------1-----

2P l~ and 2Po~-------------------------------- - -------- { 

2D2~ and 2D l~---------------------------------------- { 

2F3~ an d 2F2~ ----------------------------------------- { 

'P l~ and 'po~----------------------------------------- { 

'P2~ a nd 4p l~----------------------------------------- { 

'D l~ a nd ' Do»- _______________________________________ { 

' D2~ a nd ' D 1»- _______________________________________ { 

' D3» and ' D2~ - _____ - ---- -- - _____ -- -- ---- - - ----- --- -- - { 

' F2» and 'F1» _________________________________________ { 

'F3~ a nd ' F2» ________________________ _________________ { 

' F.» and ' F3» _________________________________________ { 

'G3» an d 'G 2»-- ----- ----- . _________________________ __ { 

'G,» and 'G3» _______ - _______ - __ - - ___ -_ - - - - - - ------- __ { 

'G5» and! ,G,» ___________ - - - - - -- - -- ___ -- -- - - - - ---- --- __ { 

61'2» and 6P,v, _________________________________________ { 

61'3» and 6p2~---------------------------------------- - { 

6D l}i and 6Do» _______________________ _______ ______ __ __ { 

6D2~ and 6Dl~ ______________________________ - - _______ _ { 

6D3~ and 6D2~ ______________________________ - - ________ { 

6D,» and 6D3~---------------------------------------- { 

6F J» and 6Fo~--------------- ----------- --------------- { 

6F2~ and 6FJy, _________________________________________ { 

6F3» and 6F2J.i _________________________________________ { 

970822- 52--6 505 

0. 471 
O. 222 

O. 490 
O. 240 

O. 495 
O. 245 

O. 745 
O. 556 

O. 600 
O. 360 

1. 000 
1. 000 

0.916 
O. 840 

O. 700 
O. 490 

O. 980 
O. 960 

O. 958 
O. 918 

O. 745 
O. 556 

O. 958 
O. 918 

O. 975 
O. 951 

O. 771 
O. 595 

O. 748 
O. 560 

O. 639 
O. 408 

1. 247 
1. .556 

1. 200 
1. 440 

1. 050 
1. 102 

O. 786 
0. 617 

1. 491 
2. 222 

1. 470 
2. 160 

1. 355 
1. 837 

O. 400 
O. 160 

O. 452 
O. 204 

O. 490 
O. 240 

O. 748 
O. 560 

O. 639 
O. 408 

O. 800 
O. 640 

O. 875 
O. 765 

0.707 
O. 500 

O. 875 
O. 765 

O. 925 
O. 856 

O. 745 
O. 555 

O. 611 
0. 373 

O. 583 
O. 340 

O. 980 
O. 960 

O. 958 
O. 918 

0. 745 
O. 556 

1. 200 
1. 440 

1. 237 
1. 531 

O. 350 
O. 122 

O. 495 
O. 245 

O. 678 
O. 459 

0.62'! 
O. 389 

O. 678 
O. 459 

O. 816 
0. 665 

O. 690 
0. 476 

O. 452 
O. 204 

O. 742 
O. 551 

O. 657 
O. 432 

O. 958 
0. 918 

O. 471 
O. 222 

0. 617 
O. 380 

O. 598 
0. 357 

0. 497 
O. 247 

O. "1-1-5 
0. 198 



T A BLE 3. V alues f or the in/.emction etement, 1, and its squaTes-Continued 
[Upper figures a re [-yalues in Lorentz units; lower [ '-yalues, in (L U)'l 

E ven multiplicities 

Interaction between-

6F'H and 6F3H _______________________________ __ ________ { 

6FsH and 6F ,H ____________________ ____ _______ __ ________ { 

6GZ).> and 6G17• ______ _______ __________ ________ __ ________ { 

6GS).> and 6G2).> _ ____ _______ _______ _____________________ { 

OG,).> and 6G3H __ __ _____________________________________ { 

6GS).> and 6G,).> _________________________________________ { 

6G6).> and 6Gsl> __ _______________________________________ { 

OYz 

1. 165 
1. 358 

O. 862 
O. 744 

1. 414 
2. 000 

1. 498 
2. 245 

1. 414 
2. 000 

1. 226 
1. 504 

O. 910 
O. 828 

Odd multiplicities 

Interaction bctween-

3P I and 3P O _____ __________ ____ ________ ______ { 

3P 2 and 3p , _________________________________ { 

3D 2 and sD I ___ __ ____________________________ { 

sDa and sD 2 ____ __ ___________________________ { 

SFa and sF 2 ________ __ __ _ ________ _ ___________ { 

SF, and sF3 ______________________ ____ _______ { 

3G, and sG3 ___________________ _ _____________ { 

SGS and 3G, ________ _________________________ { 

sP 2 and sP , _____ ___ __ _________ _____________ J{ 
sP3 and sP 2 ____________ _ __ __ __ _ _____________ { 

S D, an d 5 D o _______________ __ _____ ___ ____ __ __ { 

sD 2 and 5D, _____ __ ___________ ___ ________ ____ { 

SD s and sD 2 _______________ __ ________________ { 

SD, and sD3 _______________ __ _____ _____ _____ _ { 

o 

0.817 
O. 667 

O. 577 
O. 333 

O. 775 
O. 600 

O. 632 
O. 400 

O. 756 
O. 571 

0. 655 
0. 429 

O. 745 
O. 556 

O. 667 
O. 444 

O. 775 
O. 600 

0. 632 
O. 400 

1.414 
2. 000 

1. 183 
1. 400 

1. 014 
1. 029 

0. 756 
O. 571 

506 

O. 500 
O. 250 

O. 671 
O. 450 

O. 596 
O. 356 

0.713 
O. 508 

O. 634 
O. 402 

O. 722 
O. 521 

O. 653 
O. 428 

O. 671 
O. 450 

O. 596 
O. 356 

1. 025 
l. 050 

O. 956 
O. 914 

O. 732 
O. 536 

lYz 

1. 086 
1. 179 

0.833 
0.694 

1. 155 
l. 333 

1. 368 
1. 871 

1. 342 
1. 800 

1. 185 
l. 404 

O. 888 
O. 789 

0.471 
O. 222 

O. 563 
O. 318 

O. 567 
O. 321 

O. 646 
0.417 

0. 611 
0.373 

0. 471 
O. 222 

O. 756 
0.571 

O. 655 
O. 429 

M (±) 

M (±) 

2Yz 

O. 975 
0.951 

0.771 
O. 595 

l. 059 
1. 122 

1. 183 
1. 4.00 

1. 097 
l. 203 

O. 843 
0.710 

O. 433 
0.188 

O. 493 
O. 243 

O. 533 
O. 284 

O. 500 
O. 250 

3~2 

0.737 
O. 543 

O. 668 
O. 446 

O. 894 
O. 800 

O. 950 
O. 903 

O. 769 
O. 592 

O. 400 
O. 160 

O. 498 
O. 248 

O. 708 
O. 501 

O. 659 
0.434 
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T A B[J!': 3. V alues JOT the interaction element, I, and its squaTes-Continued 

[Upper figures arc ] ·valucs ill Lorentz uni ts; lower I '-values, in (LU)'] 

I11teraction bctween-

SF2 and 5F I ____________________________ _____ { 

SF3 a nd sF 2 _________________________________ { 

SF, and 5F J ____________________ _ __ _ ____ _ ____ { 

SF, a nd sF.1 ___________________ _ _____________ { 

SG3 and sG2 _________________________________ { 

sG, and sG3 _________________________________ { 

' Gs and SG4 ______________________ ~--------- { 

5G6 and 5G5 _________________________________ { 

7P3 and 7P 2 _________________________________ { 

7P, and 7P3 _________________________________ { 

7D2 a nd 7D 1 ____ _ ____________________________ { 

7D 3 and 7D2 ________________ _________________ { 

7D. and 7D 3 _________________________________ { 

7Ds and 7D, _________________________________ { 

7FI and 7Fo _________________________________ { 

7F2 and 7F I ____________________ _____________ { 

7F3 and 7F 2 ____________________ _ __ __ ________ { 

7F. and 7F3 _____________________ __ __________ { 

7F5 and 7F. _______________________________ __ { 

7F6 and 7F, ____________________ ___ __________ { 

Odd multiplicit ies 

o 

1. 265 
1. 600 

1. 242 
1. 543 

1. 091 
1. 190 

0. 816 
O. 667 

1. 195 
1. 429 

1. 254 
1. 571 

1. 101 
1. 273 

O. 853 
O. 727 

O. 756 
O. 571 

O. 655 
O. 429 

1. 265 
1. 600 

1.242 
1. 543 

1. 091 
1. 191 

0. 816 
0.667 

2.000 
4.000 

1. 732 
3. 000 

1.604 
2.573 

1. 447 
2. 095 

1. 231 
1. 515 

O. 905 
O. 818 

1. 095 
1. 200 

1. 171 
1. 371 

1. 056 
1. 116 

O. 805 
O. 640 

1. 127 
1. 270 

1. 214 
1. 473 

1. 105 
1. 222 

0.841 
O. 707 

O. 71 3 
O. 508 

O. 634 
O. 402 

1. 095 
1. 200 

1. 171 
1. 371 

1. 056 
1. 116 

O. 800 
O. 640 

1. 500 
2. 250 

1. 512 
2. 286 

1. 402 
1. 964 

1. 206 
1. 455 

O. 892 
O. 796 

H being the field strength in oersteds. where 

O. 926 
O. 857 

O. 945 
O. 893 

O. 748 
O. 560 

O. 891 
O. 794 

1. 086 
1. 179 

1. 034 
1. 069 

O. 804 
O. 647 

O. 563 
O. 318 

O. 567 
O. 321 

O. 926 
O. 857 

O. 945 
O. 893 

O. 748 
O. 560 

1. 195 
1. 429 

1. 254 
1.571 

1. 128 
1. 273 

O. 853 
0.727 

M (±) 

O. 722 
O. 521 

O. 653 
O. 427 

O. 829 
O. 688 

O. 903 
O. 815 

0.739 
O. 546 

O. 433 
0. 188 

0.722 
O. 521 

O. 653 
O. 427 

O. 957 
0.917 

O. 985 
O. 970 

O. 783 
O. 614 

0.490 
O. 240 

0.677 
O. 458 

O. 636 
O. 404 

O. 490 
O. 240 

O. 739 
O. 546 

O. 674 
O. 455 

O. 471 
O. 222 

O. 500 
O. 250 

If the repulsion in this case is e, and the separation 
is A, eq 1 can be written a 2=(4 .669 X lO - 5J:l)2 = 21.80 X lO -IOH 2 cm- 2• (4) 

(3) Since 12 is a function of M 2, in the following the 
factor P IA will be set as j(M'j.). In this notation 
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eq 3 will be 
(5) 

The values of function f being th e same for (+ }';f) 
as for (- M ), we can write 

f(M;) = j[( - Mm· (6) 

Before we proceed to the compu tation of the 
effects for some Mn I lines it is of interest to estimate 
roughly the intervals between levels n ecessary to 
obtain measurable dis tortions, with a magnetic field 
of about 80,000 oersteds, which is close to the fi elds 
used for our spectrograms. 

From eq 3 and 4 we can write 

(7) 

The accuracy of the measured wave numbers 
evidently depends on the r egion of the spectrum. 
At about 25,000 cm- I (4,000 A) the accuracy, in the 
MIT spectrograms, is close to 0.05 cm- I . This is 
the minimum value that e can have if measurable 
effects arc to be observed. vVe can then write 

17 
~=-- J2~340J2 cm- I 

0.05 . (8) 

Equation 8 is a relation between the interval ~ 
and the interaction factor. If we select a transition 
for which J2 is approximately one unit (see table 3), 
observable effects will be possible with intervals ~ 
smaller than 340 cm- I • In cases in which th e 
J 2-values are greater than one unit, such as those in 
the 6D and 6F terms, much wider inter vals will still 
show asymmetries. Because the tcrm in tervals in 
Mn I rarely exceed 200 cm- I , it is possible to find 
many asymmetries in it. 

The foregoing estimate shows clearly why so many 
asymmetries have b een noted in the past by ob
servers of the Zeeman effect. The asymmetrical 
patterns belong not only to the spectra of the ligh t 
elements that have narrow term intervals, but also 
to elements of high atomic numbcrs whose term 
intervals are much wider. II' these cases the 
J2-values are sufficien tly great for the intervals to 
show measurable asymmetries. 

4. Positions of Magnetic Levels Affected by 
Partia l Paschen-Back Effect 

A spectroscopic level TJ , by influence of the mag
netic field, is split up into 2J+ 1 magnetic levels T~[, 
whose values are given by 

T~I= TJ+MJagJ' 

We shall consider first the simplest case in which 
only one other level , TJ - 1, exists close to the level TJ 

of the same term. Suppose that the relative value of 
TJ is smaller than that of TJ- 1 • The magnetic levels 

of TJ will be lowered in value by the repulsions due to 
the magnetic levels of TJ - 1• The amounts of th ese 
displacem ents are given by eq 5 so that the final 
values of these perturbed magnetic levels l" ~f will be 

(9) 

The whole set of magnetic levels of TJ is lowered 
in value because the r epulsions are all in the same 
direction ; the magnitudes of these displacem ents are 
different for the individual levels on account of th e 
differ ent values that the function f (M ;) has for 
differ ent Mrvalues. Figure 2 illustrates the r elative 
positions of the perturbed magnetic levels of TJ , 

compared with the unperturbed positions. 
Levels with the same M-value have the same dis

placement independent of the sign of M ; thus, all 
levels M = ± 0~6 have experienced a displacement a, 
and all with M = ± 176 have b een displaced by an 
amount b. The direction of the displacements in 
T 2Y>. is contrary to that in T l y>" Levels M = ± 2~6 have 
no t experienced displacement because there are no 
magnetic levels with such M-values in the level Tn,. 

The intervals between consecutive magnetic levels, 
such as those having magnetic quantum values M J 
and M J - 1, may be computed by eq 9. The r esul t
ing value is 

or 

The intervals are unequal because of the influen ce 
of the quadratic terms, which have differen t values 
for the differen t 1\;f-values. Figure 2 shows clearly 
this inequality. The pertrubed magnetic levels 
appear to approach each other in the opposite direc
tion of the perturbing level. 

Speetr""c:opIe Magnetic unperturbed Magnetic pert urbed 

level" ~ levola T~ levela T~M MJ 
-2~ 

/ 
-.lb - 1 ~ / 

/ / / " Ja -ol-'k 
T2J.1a 

1 / 
// -- Ja +ol-'k f,:::-_ 
',', +1 J.1a , , ____ Jb 

\ 
\ , +2J.1a 

/ -----,b -11-11 
/ 

/ 
/ 

la T1~ t--- -01-11 

"'--, - la , 
+0'-11 , , , -----,b +1 '-11 

FIG lIRE 2. j111ltual Tepulsions between the magnetic levels of 
T 2t and T,t 

T he magnetic levels with the same "'[·value repel each other. The magn itude 
of tbe displacements a 01' b, d ue to the repulsion , depeuds on the absolute valuo of 
M , but is independent of the sign of M . 
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S pectrosC<:lpic 

l evels 1J 
T3v" 

Magnet ic unperturbed 

levels T M, 
2 !/2 

/-------

Total perturbed 

by"T; V2 end T3 V,,-

MJ 

/ / //-------
----,~·~------2Vz 

....Jb -,d -, ~ 

T // 
2 Vz {f---

I. -----Ic -O~ 

--------~~---------- I..-a------ Ie + 0 y" 

,~, 
\'-----------~b ----'"'. d~ _____ + 1 Vz 

,-------

FIG U RE 3. Perturbation oj magnetic levels oj T2y, du e to the proximity of the magnetic levels 
of 'T1y, and T;w, . 

The perturbation s that arise from TI~ and '1',~ may beeonsidered to act ind ependently . . By innuence of th e mag
netic levels of TI~ those of r,~ are displacedupward by amounts " 01' b. These parti ally perturbed levels are displaced 
downward by amounts c, d, or e, by influence of magnetic levels of T 3}i . 

The separations between two magnetic levels hav
ing the same M-value but differen t sign are 

!:::.T' + ~~ · - ~I = ]v[JagJ-( - M)J agJ - a 2f(M3)+ 

a2f [(-M)3]. 

But the quadratic terms being equal by eq 6 cancel, 
and thu s we have 

(11) 

This final equation is independent of quadratic 
terms, and hellee we conclude that the separation 
between the perturbed levels is, in this par ticular 
case, independent of the perturbation and thus equal 
to the separation between unperturbed levels. Hence 
we can write 

(12) 

Weare now prepared to discuss the general case in 
which the affected level is perturbed simultaneously 
by two levels of the same term, one on each side of it. 
Figure 3 gives an illustration of this case. The level 
T 2J1 is perturbed by the two close levels T 3J1 and T 1J1 • 

In order to obtain the final perturbed levels, it is 
necessary to consider independently the influences 
of TJ - 1 and TJ +1• Each of these influences will give 
a quadratic term to the equation, but as they are 
situated on opposite sides of TJ, the signs will be 
different for the two quadra tic terms. By the sim
ple case explained before we know that the displace
ments arc always in a contrary scnsc to the perturb
ing level. The final values of the magnetic levels 
will then be 

a2f (M ;) being the perturbation due to TJ - 1 and a2f 
(1\113 +1) that due to the level T J+ l' 

The intervals between two consecutive levels with 
quantum numbers J1([J and 1\dJ - 1 by eq 13 arc 

or 

!:::.T' ;')1 - I = a g J - a 2.f(M 3) + a,2.f(M~ + 1) + 

a2f[(MJ - 1?] - a2j[(MJ+I- 1)2], (14) 

The separations between levels with the same 
absolute value of AI, but contrary sign, are 

!:::.T' - j~· +~{ = MJagJ - ( - M)J agJ - a2.f(M3)+ 

a2.f(M~ +1) + a2.f[( - M)~] -a2.f[( - M)~ +1], 

but this equation by eq 6 will be 

(15) 

a res ul t that shows that thc separations are illde
pendent of the quadratic terms and therefore equal 
to those of the unperturbed levels. 

The magnitude of the displacements giyen by (3) 
decreases when the J -values increase owing to the 
influence of I and!:!.. Table 3 shows that in a tcrm 1 . 
decreases as J increases. In spectral terms that fol
low Lande's interval rule, !:!. increases with J; the 
function given by cq 5 will hence decrease when J 
increases . In general this means that in a level TJ 
the perturbations due to TJ - 1 arc expected to be 
greater than those due to TJ+J , and hence after tbe 
final perturbation th e levels will appear close to each 
oth er in the direction of TJ+1 as shown in figure 3. 

5. Positions of Components in an Asymmetric 
Pattern 

The wave numbers of perturbed lines formed by 
transitions between perturbed magnetic levels T'lj 
and V o,!>]: are evidently given by 

but introducing bere the level values given by eq 9, 
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we shall have 

This equation is a general formula giving all wave 
numbers in a perturbed pattel'n. In the case of par
allel components M;= M J . Equation 16 gives 

n'~~· ".:: = nJ,J , + MJa6.g - a2j(M'}) + a2j(M'} ,). (17) 

In the case of the normal components , with M'J = 
A-IJ - l (or MJ + 1 without loss of generality) 

n'~~' ~J,- l = nJ,J ' + M Ja6.g + agJ, -a2j(M3)+ 

a2j[(MJ - l ?]. (18) 

Equations 17 and 18 are closely analogous to those 
for unpertur.bed patterns ex~ept for the quadratic 
terms that gIve the per turbatiOns. 

Intervals between adjacent parallel components 
may be obtained by subtracting from eq 17 another 
equation equal to it but in which MJ and M/ have 
b een replaced, respectively, by M J -l and M/ - 1. 
The result is 

af:;.g - a2j(M 3) + a2j(M3, )+ 

a2j[(MJ - l ?] - a2j[(MJ' - In 
or briefly 

af:;.g + four quadratic terms, (19) 

which shows that the intervals between parallel 
components are unequal because of the quadratic 
terms. 

The intervals between adjacent normal com
ponents may be ?btained by ~ubtl'ac~ing from eq 
18 another equatlOn equal to It but III which M J 

and MJ - 1 are changed to lliJ - 1 and lv[J - 2 
respectively. The result will be 

af:;.g + agJ' - ( -agJ') - a2j(MJ)+ 
a2j [(MJ, - 1?1 + a2j[(MJ-l)2] - a2j[(MJ' - 2)2], 

or briefly 

af:;.g + 2agJ, + four quadratic terms, (2 0) 

whie.h shows that here also, in the normal componen ts, 
the llltervals are unequal owing to the influence of 
the quadratic terms. 

The separations between components of the same 
order on both sides of the line without field and 
having the same M-value but contrary sign' are 
given for the parallel components by , 

M Jaf:;.g - (- M)Jaf:;.g - a2j(M:') + a2j(M:' ,)+ 
a2j[( - M)3] - a2j[( - M)3 ,]= 2MJaf:;.g . (21) 

The corresponding separations for the normal 
components are given by 

MJaf:;.g + agJ, -( - M)Jaf:;.g-(agJ,)- a2j(M3) + 
a2j(M3, )+ a2j[( - M)'}]-a 2j[( - M),} , 1 = 
2MJaf:;. g+ 2agJ" (22) 

The separations in these cases, either between 
parallel or nOl:mal components, are independent 
of the .quadratIc ter~s and hence equal to those 
found III patterns WIthout distortions. This last 
conclusion is very important in calculatinO' g-values 
as we shall explain later . b' 

6. Asymmetric Positions of Components in 
Some Zeeman Patterns of Mn I 

We have predicted by theory the position of the 
~ompon.ents in an asymmetric Zeeman pattern . It is 
lll.terestmg now to compare the predicted positions 
WIth those found by measurement. For this purpose 
we have selected some lines of Mn I that are stronO' 
and thus easily observable and for which th~ 
predicted distorti(;Hls are very great (see fig. 4). 

The s~ec~ed hnes belong to multiplets formed 
by combmatlOn of the low term a 6D with the middle 
terms z 6D o and z 6F o. The relative values of these 
terms and their intervals, .6., are collected in table 4. 
The. theoretical displa~ements. of these terms by 
partIal Paschen-Back mtel'actlOn have been com
puted by means of eq 3 and 5, by using the P-values 
of table 3 and the value 3.955 cm- I for the Lorentz 
uni t. The resyl ting values of the displacem en ts 
are collected III table 4 under their r espective 
M-values. 

Table 4 shows that very great displacements are 
expected in levels with small J- and M-values 
especially in the case of z 6Fo. ' 

Table 5 shows the calculation of the values of the 
pert~ll'bed magnetic levels belonging to the spectro
SCOpIC levels of table 4. O'oly the levels with small 
J-values have .been considered, because they show 
the greatest dIsplacements. The computation has 
been made by use of eq 13; the values of the dis
placemen ts of table 4 have been rounded to two 
decimals for this calculation. 

In. the fi'rst column of table 5 are given the spectro
SCOPI~ lev~ls, TJ , and their theoretical g-values. LS
couphng IS supposed to b.e valid. The quantum 
~umbers MJ of the magnetIc levels and their r cspec
tive displacemcmts lV[JagJ are listed in the second and 
third columns. By addition of these displacements 
to the respective Trvalues the magnetic unperturbed 
levels T~f are obtained as given in column 7. An 
LU 3.955 cm - I has been used in order to make the 
results comparable with the observed values. The 
values of the perturbed levels T'~f have been com
puted by adding the Paschen-Back perturbations, 
(cols.4 and 5) taken from table 4 to the unper turbed 
levels . T~f. As these calculated 'perturbed levels do 
not. dlff e~' mu ch from the unperturbed ones, only 
theu' deCImal parts are given (col. 8). 
Tabl~ 6 shows the lines form ed by combining the 

magnetIC perturbed levels of table 5. Under the 
resulting calculated wave numbers are given two 
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groups of decimals. Those at the bottom correspond 
to the observed wave numbers. These observed 
wave numbers were derived by meas uring the wave
lengths of the lines of patterns on six: MIT spectro
grams with dispersion about 0.8 A/mm. The pro
cedure employed in making thc spcctrograms was 

that described by Harrison and his collaborators [5]. 

24 37 18 18 

10 27 20 12 6 11 
25 21 

A3843 ). 3829 

The magnetic field for two of the spectrograms was 
81 ,700 oer teds and for the others 84 ,700. All the 
measurements have been reduced to the field 84,700 
oersteds, and accordingly values that are given in 
table 6 represent means of these reduced measure-

15 
13 

14 13 
11 15 

9 5 
5 3 8 

hS16 

12 

strong weak 

strong weak 

A3258 

a 6 Dol. - y6 F~1. 
2 2 

a6Do.L - Z6 F?..!.. a6 Dll. - z6F8.!.. a6D2'!"- z6F~1. 

DeSignation I 
a 6D,)1 -----1 

3)1-----

272-----
1)1--- - -

0)1-----

z 6D~)1-- ---
3)1- ----

2)1-----

1)1-----

0% ---- -

z 6F~)1-----
4;,-----
3;,-----

2;,-----
1)1 - - - - -

OYz-----

2 2 2 2 2 2 

FIGlTRE 4. Asymmel1'ic 7.eeman patterns of selected /'ines of rvf n J. 

The reader may easil y check the agrccITI p.nt betw{'en his own \"i sllal observat ion s 
a nd the t heoretic. ll ine strengtbs indicated in the figure close to the respecti ve 
components. In the case of the line at 3258 A, the ex posure Limos werc differcnL 
for the 11" - and the q-com poncnts; therefore it is indicated in the figure only 
which componen t, in eacb type, should by theory be t he stronger. 

TA13f_E 4. Theoretical displacements of magnetic levels in Mn I 

[in cm- I . L U= 3.955 cm- I ] 

- .,-

Spectroscopic I a'f(M j) 

Level, p In tcrval , ~v M ±O~2 IH 2~" 3~2 

17052.29 229. 71 17282.00 169.52 O. 042 O. 038 O. 029 0.017 
17451. 52 116. 96 O. 102 O. 085 O. 051 ------
17568.48 68. 67 O. 193 O. 128 ----- - ------

17637. 15 O. 354 ------ ------ ------

41789. 48 143. 16 41932.64 121. 09 O. 067 0.061 O. 017 O. 027 
42053. 73 89 84 O. 142 O. 119 0.071 ------
42143. 57 54. 99 O. 250 o. 167 ------ ------
42198. 56 O. 442 ------ ------ ------

43314. 23 
11 4· 35 43428. 58 95. 50 O. 102 0.095 O. 081 0. 061 

43524. 08 71. 42 O. 223 O. 201 0.156 O. 089 
43595. 50 48. 95 O. 402 O. 335 O. 202 ------
43644. 45 28. 51 O. 690 O. 461 ------ ------

43672. 06 1. 219 ------ ------ ------
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Magnetic 
Spectroscopic levels, quantum 

TJ number, 
MJ 

r~ a 6D 2" - lYz 
17451. 52 - 0% 
g2,,= 1. 657 0% 

1Yz 
2~ 

a 6D I" r~ 17568.48 - O~ 
gl,,= 1. 867 O ~~ 

1% 

a 6D o" 
{- O% 17637. 15 

go" = 3. 333 
0}2 

r~ z 6D!" - IYz 
42053. 73 - 031 
g2,,= 1. 657 O~ 

1;~ 
2Yz 

z 6D!" CIl< 42143. 57 - 031 
gl,,= 1. 867 031 

1Yz 

z 6Do" { - 031 42198. 56 
go" = 3. 333 031 

r~ z 6Fh~ - 131 
43595. 50 - 0}'2 
g2,,= 1. 314 0 31 

1Yz 

I 
2 ~~ 

Z 6F !H 
{ - 1% 43644. 45 - 0 31 

gIH= 1. 067 0 31 
IH 

z 6Fo" 
{ - OYz 43672. 96 

go,,= O. 667 
O)lz 

T AB LE 5. Magnetic levels and g-val1ws in Mn I 

[magnetic field 84,700 oersteds; LU = 3.955 em-I] 

Magnetic levels 

Displacements Perturbations Total dis· T ' M Perturbed 
l l1JaOJ placements 1'; Unperturbed 

J 

Calculated Obsen 'ed 

- 16.38 O. 05 ------ - 16. 33 17435. 14 . 19 · 18 
- 9.83 O. 09 - 0. 13 - 9. 89 17441. 69 . 63 . 65 
- 3.28 0. 10 - 0. 19 - 3.37 17448.24 · 15 · 15 

3. 28 0.10 - 0.19 3.19 17454.80 · 71 . 71 
9. 83 O. 09 - 0. 13 9.77 17461. 35 . 29 .30 

16. 38 O. 05 ------ 16. 43 17467.90 . 95 . 97 

- 11.08 0.13 ------ - 10.95 17557.40 .53 .53 
- 3.69 0.19 - 0.35 - 3.85 17564. 79 .63 . 62 

3. 69 O. 19 - 0.35 3. 53 17572.17 . 01 . 01 
11. 08 0. 13 ------ 11. 21 17879.56 .69 . 68 

- 6.59 O. 35 ------ - 6. 24 17630.56 .91 .94 
6. 59 O. 35 ------ 6. 94 17643. 74 4. 09 4.11 

- 16.38 O. 07 ------ - 16.31 42037.35 . 42 . 41 
- 9.83 0.12 - 0.17 - 9.88 42043. 90 . 85 .84 
- 3. 28 O. 14 - 0. 25 - 3.39 42050. 45 .34 .34 

3. 28 0.14 - 0. 25 3. 39 42057. 01 6.90 6. 88 
9. 83 O. 12 - 0. 17 9. 78 42063. 56 · 51 . 50 

16.38 0. 07 ------ 16.45 42070.11 · 18 · 17 

- 11. 08 0.17 ------ - 10. 91 42132. 49 .66 .67 
- 3.69 O. 25 - 0.44 - 3.88 42139. 89 .69 . 70 

3.69 O. 25 - 0.44 3. 50 42147. 26 . 07 . 09 
11. 08 0. 17 - ----- 11. 25 42154. 65 .82 . 79 

- 6.59 O. 44 ------ - 6.15 42191. 97 2. 41 2. 45 
6. 59 O. 44 ------ 7. 03 42205. 15 . 59 . 55 

- 12.99 O. 20 ------ - 12. 79 43582. 51 . 71 . 71 
- 7. 80 O. 34 - 0.46 - 7. 92 43587. 70 : 58 .56 
- 2. 60 O. 40 - 0.69 - 2.89 43592. 90 · 61 . 61 

2. 60 O. 40 - 0. 69 2. 31 43598. 10 7. 81 7. 79 
7. 80 O. 34 - 0.46 7. 68 43603. 30 · 18 · 14 

12. 99 O. 20 ------ 13. 19 43608. 49 .61) . 65 

- 6.33 O. 46 ------ - 5.87 43638. 12 .58 . 59 
- 2.11 O. 69 - 1. 22 - 2. 64 43642. 34 1. 81 1. 97 

2.11 O. 69 - 1. 22 1. 58 43646. 56 6. 03 5. 95 
6. 33 O. 46 ------ 6.79 43650. 78 1. 24 1. 25 

1. 32 1. 22 ------ 2. 54 43674. 28 5. 50 5. 32 
- 1. 32 1. 22 ------ - 0. 10 43671. 64 2. 86 2. 94 

In terval, g.values ob· 
observed served 

6.47 1. 658 

6. 50 1. 657 

6.56 1.659 

6. 59 -- - --

6. 67 -- - --

-- - --

7. 09 1. 867 

7. 39 1. 868 

7. 67 - - - --
- - - --

13.17 3. 330 
- - - --

6. 43 1. 657 

6. 50 1. 657 

6. 54 1. 654 

6. 62 - - - --
6. 67 - - ---

- - ---

7. 03 1. 864 

7. 39 1. 868 

7. 70 - - ---

- - - --

13. 10 3. 312 
- - ---

4. 85 1. 313 
1. 313 5. 05 1. 310 5. 18 

5. 35 - - ---

5. 51 - - ---
-- -- -

3. 38 1. 067 

3. 98 1. 006 

5. 30 -- - --
-- - --

-2. 38 - - - --
- 0. 602 

ments. Lines marked with an asterisk (*) indicate 
poor measurements because of the close proximity of 
another line. 

served wave numbers and those derived for the 
observed magnetic levels is strong proof that the 
combination principle applies exactly to asymmetric 
patterns. With the observed wave numbers a system of 

observed levels was derived. The values of the 
observed magnetic levels are listed under their 
respective theoretical values in table 6. To check 
the accuracy of the measurements, these observed 
values have been used to recalculate the wave num
bers. The resulting values (only the decimal 
parts) are given between calculated and observed 
values in table 6. vVith very few exceptions the 
values agree to 1 or 2 units in the last decimat, 
thus indicating that the measurements are very 
consistent. The close agreement between the ob-

The observed magnetic levels thus computed have 
also been listed for comparison purposes in table 5, 
where for simplicity, only the decimal parts of their 
values are given in column 9. The observed inter
vals between consecutive levels, listed in column 10, 
are evidently unequal, as expected from theory. If 
the calculated and observed values for the per
turbed levels given in table 5 are compared with 
each other, it will be observed that in most cases the 
agreement is extremely good- rarely exceeding the 
differences by more than 0.02 cm- 1- in spite of the 
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----~-- _ . 

OJ ...... 
w 

No field le,'el I 

z 6D'n I ~ 4205:5.73 

Z 6D,!.> 
42143.57 

z 6Don 
42 198. 56 

II 

TABJ_E 6. Asymmetric Zeeman patterns in multi plets a 6D -z6D o and a 6D - z 6FO of Mil I (field 84 ,700 oe,·rteds) 

a 6D 'h= 17451.52 a 6D"., = 17568.48 a 6D oh= 17(>37.15 

lVfJ M J= -272 I -U'J I - 0J.j! I OJ.j! I IJ.j! I 2J.j! -1J.j! I - 0J.j! I OJ.j! I 1)1 - 0)1 I 0)1 

6.47 6.50 6.55 6.59 6.67 7.09 7.39 7.67 IS.17 
Magnet ic 

17435. 19 1 17441.&3 1 17448.15 1 17454. 71 1 1i461.29 1 17467. 95 17557.53 
1 

17564.63 
1 

17572.01 
1 

17559. 69 17630.9[ I 17644. O~ level .m . ~ .~ . 71 .W .m .53 . 62 . 01 . 68 . ~4 . 11 

- 2)1, 142037. 42 
.41 24602: ~~ 124595: ~~ 1=========1=========1=========1=========124479: ~~ 

6. 43 .88 

- 1 7~ 142043. 85 
.84 

24608.66 124602.22 124595. 70 1---------1---------1---------124486.32 124479.23 
. 66 . 19 .69 _________ _________ _________ .31 . 22 

6. 50 .32 . 21 

-07~ 42050. 34 
. 34 

---------124608.71 124602.1 9 124595.63 1---------1---------124492.81 124485. 71 124478.33 
- __ - - - - - - . 69 . 19 . 63 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 81 . 72 . 33 

6. 54 .84 . 72 .32 

0)1, 42056. 90 
.88 

---------1---------124608.75 124602.19 124595.61 __________________ 24492. 27 24484. 89 24477. 21 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 73 . 17 . 58 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 26 . 87 . 20 

6. 62 

1)1, 42063. 51 
.50 

~~~~~~~~~I· ~~~~~~~~~I·~~~~~~~~~I· ~~~~~.- ~~ -I ~~~~~.- ~~ - ~~~~~.- ~~ - ~~~~~~~~~ -----~ ~~ - 24491: :: 24483:~: 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 79 . 20 . 53 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 49 . 82 

6. 67 

27~ 42070. 18 
· 17 ~ ~ ~ ~ ~~ ~ ~ ~I~ ~~ ~ ~ ~ ~ ~ ~;~ ~~ ~ ~~ ~ ~ ~;~ ~ ~ ~ ~ ~ ~ ~ ~; ~~~~~:- i~ -I~~~~~:-ii -~ ~ ~ ~; ~ ~ ~ ~ = ~ ~; ~ ~ ~;; = = = = = =;; = 24490. ;; 

- 1 7~ 142 132: ~~ 1 24697: !~ 124691: g~ 124684: g~ 1=========1=========1=========124575: i~ 124568: g~ 1=========1=========124501: ~~ 
7. 03 . 44 .02 . 54 . 77 

- Olf 142139. 69 1---------124698.06 124691. ~~ 
· 70 _ _ _ _ _ _ _ _ _ . 05 . ()O 

7. 39 

2468. 98 1---------1---------124582.16 124575. 06 124567. 68 1 _________ 124508. 78 124495. 60 . 99 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 17 . 08 . 6!) _ _ _ _ _ _ _ _ _ . 76 . 59 
5.02 _________ _________ _________ _________ _________ _________ . 75 .58 . 04 .55 

OYz 142147. 07 __________________ 24698. 92 24692.36 24685. 78 __________________ 24582. 44 24675.06 24567. 38 24 516.16 24502.98 
. 09 _________ _________ .94 .38 . 79 _________ _________ .47 . 08 .41 . J5 .98 

7. 70 _________ _________ . 92 . 39 . 79 _________ _________ _________ _____ ___ _ _________ .15 3. 00 

1 1~ 142154. 82 ___________________________ 24700.11 246!)3. 53 24686.87 __________________ 24582. 81 24575.13 _________ 24510. 73 
· 79 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 08 . 49 . 82 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 78 . 11 _ _ _ _ _ _ _ _ _ . 68 

- - _ - - - ___ - - - - _ - ___ - - - - _ - _ - _ - - - - _ - _ - _ . 06 . 50 . 84 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 70 
.5 

- OYzI 42192. 41 ____________________________________________ J _________ 24634. 88 24627. 78 24620.40 _________ 24561. 50 24548.32 
· 45 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 92 . 83 . 44 _ _ _ _ _ _ _ _ _ . 51 . 34 

J 3. 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 93 . 8..l . 42 _ _ _ _ _ _ _ _ _ . 43 * . 33 

0)1,1 42205.59 _______________________________________________________________ 24640. 96 24633. 58 24625. 90 24574.68 24561. 50 
· 55 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 93 . 54 . 87 . 61 . 44 

__ - - - _ _ _ _ _ _ - ___ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 91 . 54 . 87 . 64 . 43 * 
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No fi eld level I 

" 6F!u 
43595. 50 

z6Flu 
43644. 45 

z 6F3u 
43672. 96 

TABLE 6. Asymmetric Zee man patterns in multiplets a 6D - z 6DO and a 6D -.,6FO of Mllr (field 84,700 oersteds)-Continued 

a 6D 2»= 17451.52 a 6D, » = 1756S.48 a 6D ou= 17637.15 

MJ lIh = =2H I -U2 I - 0)1 I 0)1 I 1)1 I 2)1 - 1)1 I - 0)1 I 0)1 I 1)1 - 0)1 I 0)1 
6.47 6.50 6.55 6.59 6.67 7.09 7.39 7.67 13.17 

Magnetic 17435. 10 
1 

17441.63 
1 

17448. 15 
1 

17454.71 I 17461. 29 
1 

17467.95 17557.52 
1 

1756t.63 
1 

17572. 01 
1 

17559.69 176.10.91 
1 

!i614. 09 lev'" . 18 .65 . 15 . 71 .30 . 97 .53 .62 .01 .68 . 94 . 11 

- 2 /~1 43582: ~i \26147: ~~ \26141: g~ \= = = = = == = =\= == = = = = = =\= = = = = == = =\~= = = = = = = =\26025: i~ 
4.85 .49* . 15* _________ _________ _________ ___ ______ . 18 

- 11fI43587.58 \26152.39 \26145.95 \26139.43 1---------1---------1---------126030 05 \26022.95 · 56 . 38 . 91 . 41 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 03 . 94 

5. 05 . 49 * _ _ _ _ _ _ _ _ _ . 36 ______ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 05 . 93 

- 0/fl !3592.6 1 1---------126150.98 126144. 46 126137. 90 1---------1---------126035.09 \26027.98 \26020.60 · 61 _ _ _ _ _ _ _ _ _ . 96 . 46 . 90 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 08 . 99 . 60 
5.18 _________ _________ .37* .89 _________ _________ .07 .98 .62 

W li3597.81 - _________________ 26149. 66 26143.10 26136.52 __________________ 26033.18 26025.80 26018.12 
· 79 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 64 . 08 . 49 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 17 . 78 . 11 

5. 35 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 64 . 05 . 47 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 15 . 75 . 10 

l),{1 !2603 18 ___________________________ 26148. 47 26141. 89 26135.23 __________________ 26031. 17 26023.49 
· J 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 43 . 84 . 17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 13 . 46 

5. 51 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 45 . 80 . 17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 13 . 46 

21~1 13608. 69 ____________________________________ 26147. 40 26140.74 ___________________________ 26029. 00 
· 65 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 35 . 68 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 8. 97 

--------- --------- --------- --------- --------- .41 . 70 _________ _________ _________ 8.95 

- n '1 13638: ~~ 126203: ~i 126196: ~~ 126190:!~ 1=========I========J======= =1 26081. g~ 1260n ~~ 1=========1=========126007: gh 
3. 38 .41 .94 .42 . 06 74. 00 .65 

- OYI !3641. 81 --------- 26200.18 261 93. 66 26187. 10 - _________________ 26084. 25 26077. 18 26069.80 _________ 26010. 90 25997.72 
· 97 - - - - - - _ - - . 32 . 82 . 26 - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 44 . 35 . 96 _ _ _ _ _ _ _ _ _ 11. 03 . 86 

3. 98 - - - - - - - - _ . 37 . 82 . 25 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 44 . 34 . 96 * _ _ _ _ _ _ _ _ _ 11. 02 . 85 

0};,1 13646.03 ------- __ ------- __ 26197. 88 2619l. 32 26184.74 __________________ 26081. 40 26074.02 26066.34 26015. 12 26001. \)4 
5. 95 - - - - - - - - _ - - - - - - - - - . 80 . 24 . 65 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 33 3. 94 . 27 . 01 . 84 

5. 30 - - - - - - - - - - - - - - - - - - . 80 . 24 . 65 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 28 * 3. 94 . 36 4. 97 . 82 

11;,l i3651. 2'1 ------- __ ------- ___________ 26196. 53 26189.95 26183. 29 __________________ 26079. 23 26071. 55 _________ 26007. 15 
.25 ------- __ -------__ _________ .54 .95 .28 _________ _______ __ .24 . 57 _________ . 14 

--------- --------- --------- --------- .56 .94 .29 _________ _________ . 26 .57 _______ __ .14 

- 0}iI 43675. 50 --------- --------- --------- --------_ -------- __________ 26117. 97 26110.87 26103. 49 _________ 26044.59 26031. 41 
· 32 - - - - - - - - - - - - - - - - - - - - - _____ - - ______ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 79 . 70 . 31 _ _ _ _ _ _ _ _ _ . 38 . 21 

- 2. 38 - - - - - - - - - - - - - - - - - - - _ - - - - - ___ - _______ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 83 . 70 . 30 _ _ _ _ _ _ _ _ _ . 36 . 20 

01~1 43672. 86 --------- --------- ------- ___________ ____ ______________________ _ 26108. 23 26100. 85 26093.17 26041. 95 26028.77 
· 94 - - - - - - - - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 32 . 93 . 26 2. 00 . 83 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -1- - - - - - - - - - - - - - - - - - . 29 . 92 . 27 2. 03 . 83 
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great differences tha t exist between values for p er
turbed and for unperturbed level (compare cols. 
7 and 8 of table 5). TIlls proves that the approxi
mate theory of the Paschen-Back effect applies 
closely to the asymmetrical patterns of the spectmm 
1tIn 1. There are, however, a few cascs in which 
the differences between observed and calcula ted 
values, for the magnetic levels, exce~d the expected 
errors of m easuremen t . The most Important cases 
are the following (see table 7). 

All th e components having origins in these levels 
show, as may b e seen in table 6, very great differ
ences b etween calculated and observed wavenumbers. 
It is to be noted that all these componen ts have origin 
in levels with magnetic quan t um numbers j\l1= ± OK 
We sh all consider this problem in the next paragraphs. 

T AR LE 7. Magnetic levels with stTong pe1"luTbations in :Vfn I 

[L U. 3.955 elll- I] 

Level 
----------------------

Designatio n 
, 

Obse rved 
C~lelll a ted Obscn 'cd -ca lculated 

-------------- -------- -------
z6Do~H 42192. '11 . 45 0.04 
z6Dg~ 42205. 59 .55 - 0. 04 

z6Fl~)j 43641. 81 . 97 O . 16 
z 6F~~ 43646. 03 5. 95 - 0. 08 
z6Fo,'l~ 43675. 50 . 32 - 0. 18 
z6Fg~ 43672. 86 . 04 O . 08 

7 . Computation of g-Values From the Level 
Values 

In the preceding discussion we h ave seen that, 
with few exceptions, the calculated values are closely 
coinciden t with the observed , showing tha t the 
theory is valid for these cases o~ manganese .. I t ]~lay 
be recalled now that eq 15 of thIs theory, whIch gives 
the separation b etween pairs of magnetic lcvels wi th 
the same absolu te M-value but differen t sign , is inde
pendent of the quadratic terms, and h ence that equal 
separations are obtained for perturbed and for 
unperturbed levels . This means that it will be 
possible to eliminate distortion due to weak Paschetl
Back interaction by using eq 15 . Solving eq 15 we 
have 

t::..T' - Af. +M 
J . J (23) 

which gives the g-value correspond~~g. to each P3:ir ~f 
magnetic levels T' ~ AJ and T' +Ar . Ihls formula rndl
cates that to obtam a g-value It IS only necessary . to 
divide the separation between the two levels ll1-
volved by 2MJa. As an example the g-value corre
sponding to the observed magnetic levels 17435.18 
(M=-2}~) and 17467 .97 (M = + 2}6), a being equal to 
3.955, may be calculated as 

17467 .97 - 17435. 18 
2 X 2>6X 3.955 

1.658. 

In table 5, last column, the g-valu es computed in 
this way for each pair ± M are lis ted in fron t of the 
corresponding (-l\1) -value . 

8 . Computation of g-Values From the 
Observed Components of Patterns 

It is interesting now to compu te g-values directly 
from the observed pa tterns and to compare the 
resulting values wi th those derived from levels tha t 
were given in table 5. T able 8 shows details of the 
calculation. In the first column are given the wave
lengths and transitions of the spectroscopic lines . In 
the second are listed the polariza tions of the mag
netic components whose wave numbers are in column 
3. Lines marked with (*) are poorly measured. 

In order to eliminate the distortions due to par tial 
P aschen-Back effect the separations are taken , as 
indica ted by eq 21 and 22 between components of 
the same order on bo th sides of th e line wi thou t 
field. These separa tions are wri tten after the 
components of smaller wave number . Thus, the 
difference between the lines 24477 .18 and 24492.84 
is written after t he former . The separa t ions, 
which are given in cm- I , are divided by 2a = 2 X 
3.955 = 7.910 to obtain th e componen ts of the pat
tern in Loren tz uni ts . These resul tant components 
arc lis ted in column 5. As usual, parallel com
ponents are given in paren theses. 

The next step is to calculate the mean values of 
the in tervals between adjacen t componen ts of a 
pat tern. The intervals are given in column 6, and 
at the bottom oJ each set of in tervals is wri t ten their 
mean value. The last in terval in each set is the 
double valu e of the smallest parallel component, 
which itself is an interval. 

In table 8 th e intervals in each pattern are so 
dosely equal tha t accurate mean values have been 
obtained. E ach normal componen t and the m ean 
interval provide two equations for calculating the 
g-valu es of the two levels involved. The resulting 
g-values are writ ten after the respective normal 
component. Thus, the first componen t in table 8, 
namely l.980, with the mean interval 0 .212 gives 
the two g-values l.874 for a 6D ) hi and l.662 for 
z 6D~}j . 

There are three lines 3843, 3833, and 3816 A whose 
intervals, within each pattern, are very different and 
hence have not been included in table 8. The line 
3816 A, for example, has the following componen ts 
and intervals: 

Componcnt s_ 2. 544 1. 987 1. 334 I ~:· ~~~ - ~: ~~~) (0. 326) 
In ter vals ____ 0.557 O. 653 O. 559 O. 652 

The impossibility of deriving an accurate mean value, 
for the interval, with values such as 0.557 and 0.653 
is eviden t. 

R ecently, Catalan and Velasco have shown, [8] and 
[9], that in cases such as these i t is, n ever theless , 
possibl e to obtain g-values from the componen ts if 
these are trea ted in separate groups, one for each 
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Spectroscopic t raJl si- Polariza-
tion and wavelength tion 

(f 

(f 

(f 

(f 

7r 

a 6D I),,-z 6D2» 7r 

4082.945A 
7r 

7r 

(f 

(f 

(f 

(f 

( 
(f 

(f 

a 6Do)'> - Z 6D t» 7r 

4079.415A 
7r 

(f 

(f 

i 
(f 

a 6Do)'>- Z 6Do» 7r 

4070,280A 
7r 

(f 

(]' 

{}' 

a 6D I ).i - Z 6Do)'> 7r 

4058.936A 
7r 

{}' 

(]' 

{}' 

(]' 

(]' 

{}' 

7r 

a 6Dz).i-z6Dt).i 
4048. 747 A 

7r 

7r . 7r 

{}' 

{}' 

{}' 

{}' 

{}' 

(]' 

(]' 

(]' 

7r 

a 6D I),>- Z 6Fz)'> 

3841. 074A 
7r 

7r 

7r 

(]' 

{}' 

(f 

{}' 

T ABLE 8. Asymmetric patterns in \[n I 

[Field 84,700 oersteds; LU 3.955 em-I] 

Observed Separation Component In terva l pattern (em-I) 

24477. 18 15. 66 1. 980 O. 221 24478. 32 13. 91 1. 759 O. 207 24479. 21 12.28 1. 552 O. 213 24479. 88 10. 61 1. 339 
24483. 83 2.49 (0. 314) O. 208 24484. 88 O. 84 (0. 106) 0.212 24485, 25 
24485.72 - - Mean O. 212 24486. 32 - -
24490, 49 - - - -
24491. 49 - - - -
24492, 23 - - - -
24492. 84 - - - -

24495, 58 20. 57 2. 600 
1. 471 24501. 77 8. 93 1. 129 

24503. 00 5. 75 (0. 727) 
24506. 34 
24508. 75 1. 454 

- - Mean 1. 463 24510. 70 - -
24516. 15 -- --

24548. 33 26.31 3.325 
24561. 43* O. 00 (0. 000 ) 
24561.42 
24561. 43* - - --
24574. 64 -- --

24620. 42 20. 49 2. 590 1. 445 24625. 87 9.06 1. 145 
24627. 84 5. 70 (0. 721 ) 1. 442 24630. 08 
24633. 54 -- Mean 1. 444 24634. 93 --
24640. 91 -- --

24684. 54 15.52 1. 962 O. 205 24685.02 13. 90 1. 757 
24685. 79 12. 25 1. 549 O. 208 
24686. 84 10. 60 1. 341 O. 208 
24691. 02 2. 48 (0.314 ) 
24691. 55 O. 84 (0.106 ) O. 208 24692. 05 O. 212 24692. 39 - - Mean O. 208 24693. 50 --
24697. 44 - - - -
24698. 04 -- - -
24698. 92 -- - -
24700. 06 -- - -

26018. 10 16.97 2.145 O. 561 26020. 62 12. 53 1. 584 0.547 26022. 93 8. 20 1. 037 0, 560 26025. 18 3. 77 0.477 
26023.46 6. 59 (0.833 ) O. 551 26025. 75 2. 23 (0. 282) 0.564 26027. 03 
26027. 98 - - Mean O. 556 26030.05 - -
26028. 95 - - - -
26031. 13 - - - -
26033, 15 - - - -
26035.07 - - - -
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g-\Tal ues 

a 6D1 Yz Z 6DzYz 
1. 874 1. 662 
1. 865 1. 653 
1. 870 1. 658 
1. 869 1. 658 

a 6Do» z 6D t» 

3. 331 1. 869 
3. 322 1. 860 

a 6Do)'> z 6Do)'> 

3. 325* 3, 325* 

a 6D I ).> z 6Do)'> 

1. 868 3, 312 
1.867 3. 311 

a 6Dz» z 6D,» 
1. 650 1. 858 
1. 653 1. 861 
1. 653 1. 861 
1. 652 1, 860 

a 6D ,).i z 6F2~ 
1. 867 1.311 
1. 862 1. 306 
1. 871 1. 315 
1. 867 1.311 

I 
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TABLE 8. Asymmetric patterns in ~fn I- Continued 

[Field 84,700 oersteds; L U 3.955 cm-l] 

Spectroscopic t ran si- Polariza- Obser ved Separation Component Interval y-valucs tion and wa \'clen gth Lion pattern (crn- l) 

a 0Do~ z 6Fo~ 

{ 
iT 26031. 20 10.83 1. 369 3. 332 - 0.594 

a 6D I~- Z 6Fo~ ". 26028. 83 15. 53 ( 1. 963) 
3839.779A 26035. 81 

". 26044. 36 - - - -
iT 26042. 03 - - - -

a 6D ,).> z 6Fo).> 
iT 26093. 27 24. 56 3. 105 2.474 J. 868 -- 0. 606 
iT 26103. 30 4. 99 O. 631 1. 867 - 0.605 

a 6D I~- Z 6Fo).> ". 26100. 92 9. 78 ( 1. 236) 2. 472 3829.679A 26104. 47 
". 26110.70 - - Mean 2. 473 
iT 26108.29 - -
iT 26117.83 - - - -

a oD,).> z 6F!).> 
iT 26135. 17 17. 32* 2. 190 O. 352* 1. 67l * 1. 325* 
iT 26136. 47 - - - - - - - -
iT 26137. 89 11. 75 1. 485 O. 353* 1. 658 1. 312 O. 336 
iT 26139. 36 9.09 2. 149 O. 358 1. 668 1. 322 
iT 26141. 15* 6.26* 0.791 1. 656* 1.310* 
". 26140. 70 6.79* (0. 858) O. 345* 
". 26141. 80 - - - -

a 6D2~- z 6F1~ ". 26143. 05 1. 32* (0. 167) O. 346* 
3823.891A 26143. 98 

". 26144. 37* - -
". 26145. - -
". 26147. 49* - -
iT 26147. 41 - -
iT 26148. 45 - -
iT 26149. 64 - -
iT 26150. - -
iT 261 52.49* - -

pair of magn eLic levels ± M. Table 9 shows the 
calculation of g-values by that m ethod for the three 
lines m en tioned above. The general arrangement of 
table 9 is similar to that of tablc 8, but the com
ponents have been placed in two groups. I t has 
been possible to obtain the g-valu es for the two 
levels involved in all cases except one, that of the 
component - 0.064, because in this case the interval 
is unknown. The g-valu e of one of the levels in
volved, namely 3.328 for a 6Dov" has been adopted, 
and then the g-value for the other level has been 
derived. Table 9 shows that the g-values obtained 
for a 6D2v" a 6D Iv" and a 6DoYz are closely coincident 
with those obtained in table 8, thereby justifying 
the m ethod of Catalan and Velasco. 

It is to be noted that the g-values obtained for the 
same spectroscopic level, in different patterns, are 
practically identical. Very accurate mean values 
may be derived from the data of tables 7 and 8. 
The resulting values have been compiled in table 10. 

The agreement b etween values derived from levels 
or from components is extremely good. This is a 
proof of the validity of both methods of deriving 
g-values. The lnethod of levels, although a little 
more difficul t to apply, is the more general, for it 
gives results in all case . The method of the com
ponents is, however , much more simple and is the 
one usually emplo.\Ted by all obser vers of the Zeeman 

O. 334-
- -

Mean O. 346 

- -
- -
- -
- -
- -

effect; bu t it must be applied wi th cau tion because 
in som e asymmetric patterns i t may give less ac
curate g-valu es. The method of Catalan and Velasco 
mav ser ve in such cases to obtain more r eliable 
valllCs. 

Most of the levels in table 10 have g-values equal 
to those of L S-coupling, but z 6D~ ).> , z 6F~).> , and 
z 6F~}> constitute clear exceptions Lo the rule. 
These exceptions are just those derived from levels 
in table 7. The two magnetic levels z 6DoJ ).> and 
z 6DtJ }> have b een displaced unequally. The level 
with negative lVJ-value has r eceived a posi tive 3,d
ditional impulse of 0 .04 em- I, and that with Lhe 
positive value has received an additional negaLive 
push of 0.04 cm- I . The distan ce between these two 
levels compared with th e distance between the un
perturbed levels is shortened by 0.08 cm - I . H ence 
the corresponding g-factor is al tered . The g-vaill e 
for LS-coupling is 3.333, and the real value is 3.312 . 
Vol e cannot suggest the cause for this anomalous 
displacement. 

The other cases are closely connected with each 
other, as Catalan and Velasco have shown, [9] and 
[7 , p . 200]. The g-vaili es that are obtained for the 
twopairslVJ= ± n f and M = ± O>f for z 6F 1v, are quite 
different. The first pair gives exactly the LS-value, 
butthe pair M = ± O>f gives 1.006, which is 0.061 LU 
smaller than the LS-value. The additional impulses 
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Spectroscopic transi-
tion and wavelengtb 

a 6Do~ - z 6F~)l 
3843. 988A 

a 6D, ~ - z 6F~~ 
3833. 865A 

a 6Dz~ - z 6F~H 
3816. 746A 

--. 

l_ 

TABLE 9. Zeeman pattern s of level z 6F~J> of Mn I 

[Magnetic field 84,700 oersteds; LU 3.955 cm- 'l 

Polariza- Observed Separa- Com po-tion In terval tion pattern (cm- I ) 
nent 

. _-------_ . 

u 26007. 65 - 0.51 - 0. 064 - -
26007. 30 

u 26007. 14- - - - - - -

u 25997.85 17. 12 2. 165 - -
7r 26001. 82 9. 20 ( 1. 163 ) - -

26007. 30 
7r 26011. 02 - - - - - -
u 26014. 97 - - - - - -

u 26074. 00 5. 26 0.665 - -
7r 26071. 57 9. 49 ( 1. 200 ) - -

26075. 97 
7r 26081. 06 - - - - - -
u 26079. 26 - - - - - -

u 26066. 36 18. 08 2. 285 o. 854 
u 26069. 96* 11. 32* 1. 431 

26073. 94- 3. 40 ( 0. 430 ) 7r O. 860 26075. 95 
7r 26077. 34 - - Mean O. 857 
u 26081. 28* - - - - - -
u 26084. 44 - - - - -

u 26183. 29 20.12 2.544 1. 769 
u 26190. 42 6. 13 0.775 
7r 26189. 94 7.00 ( 0.855 ) 1. 770 26192. 93 
7r 26196. 94 - - :Mean 1. 770 
u 26196. 55 - - Va Mean O. 590 

u 26203. 41 - - - - - -
u 26184. 65 15. 72 1. 987 O. 653 
u 26187. 25 10. 55 1. 334 
7r 26191. 24- 2. 58 ( 0.326 ) O. 652 26192. 98 
7r 26193. 82 - - Mean 0 .. 653 
u 26197. 80 - - -- - -
u 26200. 37 - - - - - -
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!I-values 

a 6Do)l z 6Ft}i ~ 
[3. 328] 1. 067 

- - - -
z 6Ft)l°~ 

3. 328 1. 002 
- - - -

- - - -
- - - -

a 6D I )l z 6Ft~I~ 

1. 865 1. 065 
- - - -

- - - -
- - - -

Z 6FtHO~ 

1. 857 1. 000 
1. 860 1. 003 

- - - -

- - - -
- - - -

a 6D zH z 6Ftti~ 
1. 659 1. 069 
1. 660 1. 070 

- - - -
- - - - < - - - -
- - - -

Z 6F ,"ii°H 

- - - -
1. 660 1. 007 
1. 660 1. 007 

- - --

- - - -
- - - -
- - --

J 
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TARLE 10. Mean g-values for levels oj Mn I 

[Mognetie field 84,700 oersteds] 

g-values compu ted witb 
the observed "-values for Designation LS-coupling 

Levels Components 

a 6D2H ____________ 1. 658 1. 658 1. 657 
a 6D1H __ ____ ___ ___ 1. 867 1. 866 1. 867 
a 6DoH ____________ 3. 330 3. 328 3. 333 
z6D!H __________ __ 1. 656 1. 658 1. 657 
z 6DrH ____ ____ ___ _ 1. 866 1. 861 1. 867 

z 6D3H ______ _____ _ 3. 312 3.312 3. 333 z6F2H __ ________ ___ 1. 312 1. 314 1. 314 
z 6FrH, M = ± OL __ 1. 067 1. 068 1. 067 z 6FrH, M= ± O~ __ _ 1. 006 1. 004 z 6F3H ____ ________ _ - 0.602 - 0.602 - 0.667 

0.16 and - 0.08 cm- t, which z 6F - ?~ and z 6F+~~ have 
received, make their distance shorter by a total 
amount of 0.024 cm- I , which accounts for the change 
of 0.061 LU in the g-values. 

The magnetic levels z 6F - g~ and z 6F+g~ have 
received extra displacements -0.18 and 0.08 cm- I , 

respectively. In this particular case of 6Fo~ , on ac
count of the fact that the g-value is negative, the 
magne tic level 1\£= - Olf is smaller than 1\£= + 0 %. 
Hence the distance between these magnetic levels 
has been shortened by a total amount of 0.26 cm- I , 

and this accounts for the change of g-value from 
- 0.667 (LS-coupling value) to -0.602 . 

There is a close connection between the changes in 
g-values experienced by z 6F~% and z f.F~~ . As Catalan 
and Velasco have shown, the sums of the g-values for 
LS-coupling and for the observed levels are the 

same_ The sum in LS-coupling amounts to 1.067 + 
(- 0.667) = 0.400 and to 1.001 + (-0.602) = 0.399 
for the perturbed levels. A clear explanation of 
this case has been given by these authors [7, p. 200] . 

9. Theoretical Computation of Line Strengths 
in Zeeman Patterns 

The strength, 8, of a line is defined as a quantity 
that must be multiplied by the fomth power of the 
frequency and by the number of atoms in anyone 
of the initial states, in order to obtain the radiated 
energy [7, p . 200]. There is a possibility of com
paring relative strengths with observed intensities be
cause all the lines of a Zeeman pattern have closely 
the same frequency and are produced by close states 
that have practically the same excitation. 

The strength 8M of a c'omponent in a Zeeman 
pattern depends on the strength 8 of the paren t 
line through the eq uation 

8 M = 8 X l{, (24) 

in which l{ is a constant whose values depend on 
the J- and M-values of the initial levels as expressed 
in the following formulas: 

Spectroscopic Magnetic K- valucs transition transition 

JM -> l\L - - -- 2A (J2 - N/2 )/ J (2J - 1) 
J ->J - L __ (2J + 1) lM ->NI ± L _ (J /2) A (J Cf M) (J Cf M - 1)/ 

J (2J - 1) (2J + 1) 
J ->J ______ { M M _____ 2AM2/J (J + 1) (21 + 1) 

M -> M ± L _ (1/2) A (J Cf M ) (J ± 1\Il - 1)/ 
J (J + l ) (2J + 1) 

TABLE 11. K- and (K )1/2-values for components in a Zeeman pattern 
[Upper fi gures are K -values; lower ([()1/2-valucs] 

Odd multiplicities, parallel components 

M =- 3 - 2 - 1 0 + 1 + 2 + 3 
J J - 1 

M = - 3 - 2 - 1 a + 1 + 2 + 3 

1 0 { - - - - - - 50. 00 - - - - - -
- - - - - - 7. 07 - - - - - -

2 1 { - - - - 15. 00 20. 00 15. 00 - - - -
- - - - 3.87 4. 47 3. 87 - - - -

3 2 { - - 7. 14 11. 43 12. 86 11. 43 7. 14 - -
- - . 2.67 3. 38 3. 58 3. 38 2.67 - -

4 3 { 4. 16 7. 14 8.93 9. 52 8. 93 7. 14 4. 16 
2. 04 2. 67 2. 99 3. 09 2. 99 2. 67 2. 04 

J J 
----

I 1 { - - - - 25. 00 O. 00 25. 00 - - - -
- - - - 5. 00 O. 00 5. 00 - - - -

2 2 { - - 20. 00 5. 00 O. 00 5. 00 20. 00 - -
- - 4. 47 2. 24 O. 00 2. 24 4. 47 - -

3 3 { 16. 07 7_ 14 1. 79 O. 00 1. 79 7.14 16. 07 
4. 0] 2.67 1. 29 O. 00 1. 29 2. 67 4. 01 
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3% 

J- l 

0 

1 

2 

3 

J 

TABLE 11. K- and (K )1/2-va lues for components in a Zeeman pattern- Continued 
[U pper figures are K-values; lower (K )ll'-values 

Odd multiplicities, normal components 

N!= - 2 - 1 0 + 1 + 2 + 3 

M - l =- 3 - 2 - 1 0 + 1 + 2 

{ - - - - - - 25. 00 - - - -
- - - - - - 5. 00 - - - -

{ - - - - 2. 50 7. 50 15.00 - -
- - - - 1. 58 2. 74 3. 87 - -

{ - - O. 71 2.14 4.29 7. 14 10. 71 
- - O. 84 1. 46 2. 07 2. 67 3. 27 

{ O. 30 O. 90 1. 78 2. 98 4. 49 6. 25 
0.55 O. 95 1. 33 1.73 2.12 2. 50 

-

• 

-----
1 { - - - - 12. 50 12. 50 - - - -

- - - - 3. 54 3. 54 - - - -

2 { - - 5. 00 7. 50 7. 50 5. 00 - -
- - 2. 24 2. 74 2. 74 2. 24 - -

3 { 2.68 4. 46 5. 35 5. 35 4. 46 2. 68 
1. 64 2.11 2. 31 2. 31 2.11 1. 64 

Even multiplicities, parallel components 

N[= - 37~ - 2% - 1% - 07f + O)-f + 1 7~ + 27~ 
J- 1 

M =- 3;.f - 27f - 1% - O;,f + O)'i + 17~ + 2;''2 
----

0% { - - - - -- 25. 00 25. 00 - - - -
- - - - - - 5. 00 5. 00 - - - -

I7~ { - - - - 10. 00 15. 00 15. 00 10. 00 - -
- - - - 3. 16 3. 87 3. 87 3. 16 - -

2;';' { - - 5. 36 8. 93 10. 71 10. 71 8. 93 5. 36 
- - 2. 32 2.99 3. 27 3. 27 2. 09 2. 32 

3;';' { 3. 33 5. 83 7. 50 8. 33 8. 33 7.50 5. 83 
1. 82 2.41 2. 74 2. 89 2. 89 2.74 2. 41 

J 

0)1, { - - - - - - 25. 00 25. 00 - - - -
- - - - - - 5. 00 5. 00 - - - -

17f { - - - - 22. 50 2. 50 2. 50 22. 50 - -
- - - - 4. 74 1. 58 1. 58 4. 74 - -

2% { - - 17.85 6. 43 O. 71 O. 71 6.43 17.85 
- - 4. 22 2. 54 O. 84 O. 84 2. 54 4. 22 

3% { 14. 60 7. 45 2. 68 O. 30 O. 30 2.68 7. 45 
3. 82 2. 73 1. 61 O. 55 O. 55 1. 61 2. 73 
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T A BLE J1. 1(- and (fl: ) '?-values fol' components in a Zeeman pattern- Cont inued 

[U pper fi gures arc [(-va lues; lower ([() ll l -val ues] 

Even m li iti plicities, normal com ponents 

M = - 2/~ - J /~ - O~ 
J J - J. 

M = - 3H - 2Yz - I }f 

lYz OYz { - - - - - -
- - - - - -

2}~ I}~ { -- - - 1. 25 
- - - - 1. J 2 

3% 2jf { - - O. 45 1. 34 
- - O. 67 1. 16 

4% 3}'2 { O. 21 O. 63 . 1. 25 
O. 46 0. 79 1. J.2 

-----
J J 

OH Ojf { - - - - - -
- - - - - -

1 If ] jf { - - - - 7. 50 
- - - - 2. 74 

2jf 2jf { - - 3.57 5. 71 
- - 1. 89 2. 39 

3Yz 3Yz { 2.08 3. 57 4. 46 
L 44 1. 89 2. 11 

The valu e J is t he Im·gel' of two J-values involved. 
F or these eq uations it has been assumed tha t t he 
observations have been made perpendicularly t o the 
magnetic field . [{-values have been computed by 
means of these eq nations and are given in t able 11. 
The value 75 has been assigned to constan t A so 
that the sum of all parallel components in a pattern 
may be 50 and t hat the corresponding sum for each 
of the two group of normal components may be 25. 
Thus t he sum of all components in each pattern will 
be 100. 

In calcul a tions related to the s trength of lines the 
square root (S) y, of S is more convenien t than the 
s trength i tself for comparison with the observed 
intensities. Accordingly, we have compu ted the 
square roo ts of th e K-values. In table 11 the square 
roo ts are given under their respective S-values . 
Taking tIl e square root of both members of eq 24, we 
have 

(25) 

This equation means tha t to obtain (8 M )%-values 
It is only necessary to multiply the values of K % by 
the strengths of their resp ective spectroscopic lines. 
The quan tities (8 M ) % I 8 % I and K % arc either positive 
or negative . The sign of (8M ) % depends on the 
sign of sy, and K Y>. The sign of S Y> depends on the 
changes of the L- and J-values in lhe spectraillne. 
The sign of K n depends on th e changes in th e J
and M -valu es for the m agneli c levels of the com
ponen ts. Tables 12 and ] 3 give the signs for the 
differen t cases. 

O/~ J ?'2 2H 3H 4Yz 

- O/~ O}f 17f 2}f 3Yz 

6. 25 18. 75 - - - - - -
2. 50 4. 33 -- - - - -

3. 75 7. 50 12. 50 - - - -
1. 94 2. 74 3. 54 - - - -

2. 68 4. 46 6. 70 9. 37 - -
1. 64 2. 11 2. 50 3. 06 - -

2.08 3. 12 4. 37 5. 83 7. 50 
1. 44 1. 77 2. 09 2. 41 2. H 

25. 00 - - - - - - - -
5. 00 - - - - - - - -

10. 00 7. 50 - - -- - -
3. ] 6 2. 74- - - - - - -

6. 43 5. 71 3. 57 - - - -
2. 54 2. 39 1. 89 - - - -

4. 76 4. 46 3.57 2. 08 

I 
- -

2.18 2. 1 J J. 89 1. 44 - -

T AB LE 12. Signs of s y, (s pectral lines) 

Quantum numbers J-.J + l J -.J J-.J-l _. 
L ....... L+ 1 + + -
L ....... L - " ± -
L ....... L- I - + + 

- Sign (+) if S(S+l )<L (L+I)+J (J + l );sign (-) if S ( + l » L (L + l) + J (J + l ). 
Here S is not the strength of the line, but is the resu ltant spill . 

TAB LE 13. S igns of z.;: y, (magnetic components) 

Quantum numbers _1£-.,'1"H "11-,"11" I "'[-."'1- 1 

J ....... J + 1 - + + 
J ....... J + a ± + 
J ....... J - l + + -

- The same sign as 111". 

10. Theoretical Strengths (8M )'!. of Com
ponents in Patterns of a Multiplet 6D - 6Fo 

The streng ths may be computed by for mula (25). 
The 8-values for Jines in a multipl et 6D _6Fo can be 
dedu ced by the classical formulas of Kronig, of 
Sommerfeld and H onl, and of Ru ssell [10] . The 
square roo ts of the values ob tain ed are given in table 
14. The signs have been computed by table 12. 

In order to compu te the fin al (SM") Y> -values we have 
multiplied, for each pattern , the strengths of its com
ponen ts, given in table 11 , by the strength of the line 
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TABLE 14. 1'alues of S J> fOT 6D - 6Fo lines Tr and TJ-1 belonging to consecutive spectroscopic 
levels TJ and TJ - 1 of a term T, and having the 
same M-yalue, interact with each other, perturbing 
mutually the strengths of their combillf~ tions with 
another third level. If we set TJ < TJ_1- the 
third level being inappreciably lower or bigher than 
the other two- the perturbed strengths of the 
transitions are given by cq 26a and b, which we 
take from Kiess and Shortley [7 , p. 204] 

Levels 

18. 97 _____________________________ __ _ 
7. 45 15. 63 _______________________ _ 

- 2. 11 9. 02 12. 42 _ _ _ _ _ _ _ _ _ ______ _ 
________ - 3. 21 9. 13 9. 30 _, ______ _ 
________________ - 3. 79 8. 26 6. 11 
________________________ - 3. 65 6. 83 

without field, given in table 14. The resulting 
values are given in table 15. 

11. Theoretical Computation of Line Strengths 
in a Zeeman Pattern Perturbed by Partial 
Paschen-Back Effect 

pert. (S~f)~ = unpert . (Sn~-

(al it::,. ) unpert.(S~f_ 1) ~' (26a) 

pert .(S~f_ 1) ~ = unpert.(Sr _1)" + 
Cal It::,. ) unpert ·CS~f) " . (26b) 

The partial Paschen-Back effect , in LS-coupling, 
produces intensity distortions in the component 
lines of the patterns. These distortions may be 
calculated by the so-called second-order pertur
bation theory. In this theory two magnetic levels 

The first members of these equations are the 
strengths of the p erturbed transitions. The quantity 
a is the LV in cm - I for the magnetic field, I is the 
interaction facLoI' given in table 3, and t::,. the distance, 
in em - I, between the two interacting magnetic 
levels. The remaining factors are the streng ths of 

D esignation 

z 6F2~ 

z 6 Fl,. 

z 6Fo~ 

TABLE 15. Calculated .strengths in multiplet a 6D - z 6F O of Mn I with and without perturbation 
[Magnetic fi eld 84,700 oersteds. U pper fi gures are values without perturbation . Lower are witb perturbat ion.] 

Designa tion 

a ' D,» a 'D'li a ' D Oli 

M -2~ - I~ -O~ O~ I ~ 2~ - 1)1 - 0)1 O~ I~ -O~ O~ 
._--------------.--- ------- ------- ------- -------

- 2}f {- 38. 5 17.3 - - - - -- -- 32. 9 - - - - - - -- --
- 37. 1 17.4 - - - - - - -- 33. 5 - - -- -- -- - -

- l }f { 17.3 - 23.2 23.7 - - - - -- 29.4 25. 5 - - - - - - - -
17.8 - 20.6 24. 1 - - - - -- 32. 4 24. 3 - - - - - - - -

- O~{ - - 23. 7 - 7. 7 23. 2 - - -- - 10.4 36. 0 18. 0 -- - - --
- - 24. 0 - 4.6 23. 2 - - - - - 12.3 37. 2 15.9 - - -- --

O;f{ -- - - 23. 2 7. 7 23. 7 - - -- - ]8.0 36. 0 10. 5 - - - -

-- -- 23.1 10. 7 23. 3 -- - - - 20.2 34.8 8.5 - - - -

l }f { - - - - - - 23. 7 23. 2 ]7. 3 -- - - - 25.5 29. 4 -- - -
-- - - - - 23. 2 25. 8 16. 7 - - - - - 26.7 26. 4 -- --

2 }~ { -- - - - - - - 17. 3 38. 5 - - - - - - - 32.9 - - --
- - - - - - - - 16. 6 40. 0 - - -- - - - 32. 4 -- --

j 
- 1~ { - 18.4 - 12. 0 4. 2 - - - - -- - 39.2 22.6 -- - - 26. 5 - -

- 11. 8 - 12.9 5.6 - - - - - - - 36. 7 23. 4 - - - - 27. 1 --

- O}f{ - - - 10.4 - 14. 7 7. 4 -- - - 22. 6 - 13.1 26. 1 - - 30. 6 15. 3 
- - - 8.3 - 15.0 g. 0 - - - - 24. 3 - 7. 8 25. 8 - - 36. 7 10. 1 

1 
07f { - - - - - 7.4 - 14. 7 10. 4 - - - - 26.1 ]3. 0 22. 6 - 15.3 30. 6 

- - - - - 5. 7 - 14. 3 12. 4 - - -- 26.6 18. 3 20. 9 - 21. 5 24. 4 

1%{ - - - - - - - 4.2 - 12.0 13. 4 - - -- 22. 6 39. 2 - - - 26. 5 
- - - - - - - 2.9 - 11. 0 15. 1 - - - - 21. 9 41. 6 - - - 24. 8 

{ - OM{ - - - - - - - - - - -- - 15.8 - 18.3 9. 1 - - - 34. 2 34. 2 
- - - - - - - - -- - - - 11. 1 - 18. 5 12. 1 - - - 29. 1 38. 0 

0}'2 { - - - - - - - - - - - - - - - 9. 1 - 18.3 15.8 34. 2 34. 2 
-- -- - - - - - - - - -- - 6.2 - 18. 0 20. 5 30.3 39.2 
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TABLE; 16.-Values oj al i t;. j01' multi plets a 6D - z 6F o oj Mn I 

(LU=3.955 cm-I) 

T-valucs 
In teracting le vels Intcl'\'al 

M =±O)1 1)1 

a 6D3» , a 6D2~ 169. 52 1. 050 O. 959 
a 6D,», a 6DI ~ 116. 96 1. 200 O. 989 
a 6D 1» , a 6Do~ 68.67 1. 247 - -
z 6F3~ , z 6F2~ 71. 42 1. 355 1. 258 
Z 6F o,», Z 6F t» 48. 95 1. 470 1. 200 
Z 6F o I» , z 6Fou 28.51 1. 490 - -

the lmper tmbed transitions. For a componen t 
perturbed by t wo others the changes arc additive. 
Special care must be given in these calculations to 
the signs of the strengths. 

12 . Perturbations in the Strengths of the 
Components in Some Patterns of Mn I 

Weare now prepared to compare the observed 
int,ensities in some patterns of Mn I with the theo
retical strengths computed hy eq 26a and b. For 
this comparison we have selected the multiplet 
a 6D-z 6F o for two reasons. First, this multiplet 
has an outstanding intensity, making it easy to 
observe all the components of the patterns, even 
the faintest. Sccond, the I factors for such terms 
have high valucs (see table 3) especially for the 
lower J-values of z 6F o, and the separations 6 
are relatively mall, so that the magnitudcs of 116 
are very importan t. 

First we have computed the values of aII6 for 
the different transitions in this multiplet . Only the 
values corresponding to small J-valu es have been 
considered. Within the accuracy of this calculation 
the separation between spectroscopic levcls may be 
used instead of that between magnetic levels belong
ing to the spectroscopic levels. Values of separations 
have been taken from table 4 and I-values from 
table 3. For the LU, a= 3.955 has been used . The 
resulting values are given in table 16. 

We shall proceed now to compute independently 
the strength p erturbations under the influence of 

alit:. 

2)1 M =±O)1 ]\,-2 2)1 

0.742 0. 025 O. 022 O. 017 
- - 0. 041 O. 033 - -
- - 0. 072 - - - -

O. 958 0. 075 O. 070 0.053 
- - O. 119 O. 097 - -
- - O. 207 - - - -

the levels of a 6D and z 6F o. A few examplcs will 
illustrate in detail how these calculations have 
been made. 

We select first a very simple case, that of t he com
ponent a 6Dg~ - z 6Fg~ . Its ini tial state a 6Dg~ i 
per t urbed only by a 6D?it and its final tate z 6Fg~ 
only by z 6F?~. The strengths of the unperturbed 
transitions iuvolvr,d, taken from table 15 (in the table 
the values are rounded) are 

a 6Dg~--7z 6F?~ = 30.55 

a 6Dg~--7z 6Fg~= 34.15 

Factors aII6 taken from table 16 are: 0.207 for 
the influence of z 6F~ ~t z 6Fg~ , and 0.072 for that of 
a 6D?~, a 6Dg~ . The values of the perturbations will 
then be: 

0.2 07 X 30.55 = 6.32 and 0 .072 X (- 18.25)=-1.31. 

The first is to be added (eq 26a) because it is due to 
the influence of level z 6Fl~ on another higher level 
z 6Fo~. The second perturba tion also is to be 
added because it is due to the influence of level 
a 6D l~ on another h igher one, a 6Do~ . H ence the 
fmal value of the perturbed strength will be 34. ] 5 + 
6.32 - l.31 = 39 .16. 

The line a 6Dm--7z 6F~~ is a more complieated ex
ample. Its initial state is aff ected by both a 6Dg~ 
and a 6Dg~ . Its final state is p erturbed by z 6Fg~ 
and z 6Fg~ . The strengths without perturbation of 
the components (see table 11) are 

a 6m~--7Z 6Fg~= 35.99 

a 6D~~--7 z 6~~= 13.05 

a 6D~ ~--7z 6Fg~= - 18.25 

The values of aII6 , as given by table 13 are 0.041 
and 0.072 for the influen ces of D2~' D1~' and D ou, 
Dl~ ' respectively; and 0.119 and 0.207 for those of 
F2~' Fl~ and Fo~ , F 1%, respectively. 

'1'h e values of th e perturbations are thus: 0.041 X 
(- 14.67)=-0.60, 0.072 X(30.55)= 2.20, 0.119 X 
(35 .99) = 4.28, and 0.207 X (- 18.25)= 3.78. These 
perturbations will be added for D2~' D l% and for 
F 2%, F l%; and subtracted fol' D o%, D l% and for F o%, Fl ~ 
because of the relations D2H<D1%< Do% and F2%< 
F1%<Fo%. The final strength of the perturbed line 

will be 13 .05 + (- 0.60) - 2.20+ 4.38 - (- 3.78) = 
18.31. Thus the line with strength 13.05 has been 
distorted, and its str ength has been changed by 
18.31. 

With the same procedure we have computed the 
perturbations for some other patterns of multiplet 
a 6D-z 6F o of Mn 1. The resulting values of this 
calculation are given in table 15. A comparison 
that we have made of the observed in tensities with 
the values given in table 15 shows that in all cases 
the intensity perturbations are in the right direction 
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and of the right order of magnitude to accoun t for 
the observed asymmetries. We do not intend to 
give h ere our own intensities, because they have 
lit tle quantitative value, representing only visual 
estimates. However, it must be noted that par
ticular care was taken in these estimates, to note in 
each pair of two symmetrical lmperturbp-d com
ponents which was the stronger when perturbed. 
Readers of this paper may check for themselves the 
accuracy of these results by making visual estimates 
of the component intensities in figure 4 and com
paring their resulting values with those given near 
the components, which represent the calculated 
perturbed strengths. 
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