
PhysioB. - "Termnames of some Multiplets in t!te b'onspectl'um" 1). 
By S. GOUDSMIT. (Commllllicat.ed liJ Prof. P. Z.:~:MAN). 

(Communicated at the meeting of February ~S, 192'). 

F. M. WALTERS ') sncceeded to find so ealled" mIlItipIets" ') in the 

complieated il'onspectl'urn. These rnllltiplets show the same strlleture 
as the combillation betweell two thl'eefold spectral-tel'lns, e. g. the 

p·d combillations in the spectl'a of the alkaline eal'lhs. Sllch a g/'onp 

of lines is ealled mnltiplet if one of Ihe combining tel'ms is more 

thao threefold. 

The st/'llet ul'e of a m u It.i plet is goveroed by t he "estl'iction-l'lIles 

fol' the "inne,'" quantumnllmbe,'s .i, wlrieh wel'e fil'st lI~ed by 
SOMMfl:RFELD 4). The l'elations between these qllanturnnumbel's and 

the azimuthal quantumllnmbel's k, wel'e fonod by LANDt i), who also 

got fOl'mlllae fol' the ZEEMANeffects of' !.he spech'allines. 

LANDt nses the following qllalltntnllumhe,'s: 

l st . The azillluthal qualltuHlllumbel' K, which gives the moment 
3 1 

of momeotnm of the emitting electl'OII. K = "2 fol' the s-terms'"2 fOl' 

I 5, I I tIe p·tel'ms, 2 tOl' t Ie (·tel'lns, etc. 

2nd , The quantum R, which gi\'es the moment of momentnm of 

the atom without the amitting eleetl'Oll. R = ~ fOl' all tlra speetl'al-
2 

1) Sin ce the original publication, several artieles have been published on the 
same subject: 

O. LAPORTE, ZS. r. Phys. 23, 135 and 26, I, 1924. 
M. A. CATALáN, Ana\. Fis. y. Quim. XXI, 464. 
H. GIESELER U. W. GROTRIAN, ZS. r. Phys. 22, 245, 1924. 
O. LAPORTE'S articles al'e by rar the completest, ror the rest the absorption 

experiments of H. GIESELER and W. GROTRIAN are of great importance. 
I) F. M. WALTERS JR. Journ. Wash. Ac. of Sc. 13, 1923, p. 242. 
S) M. A. CATALáN, Ph i\. Trans A 223, 1922, p. 125. 

H. GIESELER, Ann. der Phys. 69, 1922, p. 147. 
') A. SOMMERFELD, A tombau u. Spektrallinien 3. AuO., p. 446. 
5) A. LANDÉ, ZS. f. Phyl. 15, p. 189. 
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2 3 
tel'ms of a sillglet-terllIsystem, 2" for a dOllblet-syst.em'"2 for a triplet-

system, etc. 
31'd. The quantllmllllmbers J for a complex-term, which IS deter

milled by Rand [(, are given by the formula 

1 1 
IK-RI + 2" ~ J ~ I K + R I - 2" . (1) 

Using the rules of SoMMERFELD and LANDÉ, it is 1I0t difficult to 
detel'mine I,he values of R, K and J for the terms, which form the 
iron-multiplets found by W AI.TJ<:RS; Ihis means, that it is possible 
10 determine the termsymbols aJld the !erm-system. 

The following scheme conlains the fl'equencies Vvoc. and the term
ditferences of an it'on-multiplet, called pl'ovisionally XY. Each of 
the lel'ms X and Y has a certain quant.umnllmber J. The faet that 
not all Ihe 25 combinations XYare appearing, is easily explained 
by the restl'iction-rule for J, beilIg : 

J 

YI (7) 4'/. 

240.2 

Y2 (6) 3'/. 

199.5 

Y3 (5) 2'/. 

139.7 

Y. (4) t'/I 

71.7 

Ys (3) '/2 

25900.00 

26140 . 19 

415.9 X 2 

(6) 3'/. 

25484.03 

25124.24 

25923.77 

288.1 X 3 154.1 

(5) 2'/. 

25436.14 

25635.61 

25115 35 

25451.45 

25591.23 25501.3 

25662.35 

lf we give 10 the X-tel'lns sllccessi\'e quantllmnumbel's J, chosen 
quite al'bitl'arily, incl'easing, according 10 LANDÉ'S interval-rule, in 
the direclion of t.he gl'owing tel'm-ditfel'el)(~es, then by the l'estriclion
ruIe, these numbers are also detel'lIlined fol' Ihe Y-terms. 
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SlIppose e.g. I,he lel'ms )(\1 X. elc. have I'espectively J=7,6,5,4,3, 
tllen Ihe tel'ms YI' Y., elc. will Ilecessal'ily get Ihe ql1antumllumbers 
J = 7,6,5,4,3, in ordel' to explain the obsel'ved combinations. Bul 
than the missing of tlle cOlllbinalioll X, Y, l'emains stillllnexplailled. 

SOMM~:RFELD alld LANDÉ ho wever gave the condilion, that Ihe 
combination 

is not allowed, as an addition 10 Ihe l'estl'iction-I'ule for J. Obviously 
the combination X, Y, must repl'esent suet. a case. Thlls both X, 
and Y, must gel Ihe value J =~. This l'esult enables liS to calclllate 
the absolllte vallles of J, being: 

J = 41 fOl' XI' 3i for X., 2i fol' .x" 1 ~ fOl' X 4 and ~ for X,. 
The Y-Ienns have the same qllantllmlllllIlbel's. 

FOl'lllula (1) gives us Rand K: 

R=2i K=2~. 

Conseqllently we have here the ease of two d-terms of aquintet.
system. 

Owing to tlle stl'llctUl'e of fomlula (1), Rand K are 1I0t always 
given ulIRmbiguollsly. In sueh a case il will be sllfficient to calculate 
Ihe ZEEMANeffect for a single line of Ihe lIlultiplet by the mIes of 
LANDÉ l\IId 10 compal'e with Ihe expel'imenls. On the olher hand the 
ZEEMANeffects fonn a confil'lnation for Ihe whoie. 

As tlle same tel'lIldifferences, in olhel' wOl'ds the same complex
tel'ms, appeal' several times in these irolllllullipiets, il is quile possible 
to del'ive from tlre above melltiolled lIIultiplet the values of J for 
all other tel'ms . 

lt resulted that Ihe 20 iron-\Illlitipiets are combinations of 13 
different multiple lel'mA of a It'iplet- and a qllintet-terlllsystem. Two 
of them are ilTeglllar (iV and y), pl'obably Ihe conneeted muItipiets 
were not completely obsel'ved 1). 

Some new cornbination-multiplets of these terms could be fOllnd 

allri also a new tel'lll '). 
Table I contains the lel'llisymbols and Ihe tenndifferences. 
Table 11 COmpRl'eS Ihe caleillated ZEEMANetfeets with those indicated 

by (i'. M. WALTERS, according to obsen'ations of A. S. KING '), 
Table 111 shows the observed combinations and 

1) According to the ZEEMANeffect of multiplet (12) the x-term is probably 
partially aD-term. 

i) The muitipiets 1-20 are found by F. M. WALTERS, the others are new. 
,) A. S. KING, Contr. Mount Wilson, Vol. 111, p. 82. 
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Table lV the frequellcies of Ihe mulliplets lil the IIslIal schematic 
fOl'm . 

lt desel'ves attelltion, that Ihe multiplet-lilles givell here, (~oi"cide, 
al most totally with t.he "low-tempel'atlll'e lille!!" given hy A. S. KING I), 

in so fal' as they al'e compl'ised in the speCll'al-l'egion examined by hilll . 

Termname 

k 

d' (P"?) 3 

~ \ d" (Pi ?) 3 

È \ t' 4 

til" 4 
I g' 5 

D' 3 

~\ 
D" 3 

D/II 3 
>. , 
~ / D'''' 3 

il F' 4 

F" 4 

F'" 4 

Y ? 

.r (3 1) 

Ild" 
(2 ?) 

(2 ?) 

388 .4 

448 .5 

344.1 

292.3 

474.9 

J = 41,'2 

411.2 

TABLE I. 

Termdifferences 

390.6 252.0 

412.9 263.8 

584.7 407.6 

476.5 358 5 

311.8 

415 .9 288 . 1 184.1 

344.0 261.5 173.2 

240 .2 199.5 139 .1 

384.3 212.6 115 .2 

351.3 251.8 168.9 

289.2 218.4 144.9 

227 .9 164 .9 106.8 

354.3 244.8 

21/. 

294.4 145.4 10.2 

1) A. S. KING, Contr. Mount Wilson, Vol. VI, p. 351. 

89.9 

86.6 

11.1 

86.0 

I I 
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TABLE 11. 

ZEEMAN effect 
Combination t _______________ .--______ _ 

J J I Observed Calculated I) i (multipletnumber) 

f f 18 

41/2 4'/2 
(0)5 (0) 6 -. ~ 

31/2 3'/. 
(0)13 (0) 12 
12 - '-11-

21/2 2'/2 
(0)2 (0) 2 

3 3 

f g 19 

41/!I 5'/2 (ö 1 2 3 4) 20 21 22 23 24 25 26 27 28 (0) 5 
20 4 

(0 2 4 6) 
-

31/2 41/2 57 59 61 63 65 67 69 (0) 7 
60 ij 

21/. 3'/2 (ö 1 2) 7 8 9 10 IT (0)7 
12 8 

3 16 
D D Every line (O~3 Every )jne (O~ 3 (7)3 

2"" 

D F 9 17 12 
(ö I 2 3 4) 

-
12 13 14 15 16 17 18 

4'/2 5'/. 10 \1 (0) 6 (0) 5 
10 Sf T 

41/, 41/2 
(3 6 9 12) 18 21 24 27 30 33 36 39 (1) 37 

20 -2-

41/2 31/, 
(ö 1 2 3) 3456789 

(0) 2 
4 

-
345678 31/, 31/. 

(1 2 3) (2) 4 
4 3 

21/2 21/, 
(1 2) 1 234 (12) 1234 (12) 1234 

2 2 2 

1'/. 21/2 
(0 1) 1 234 (Ol) 12 (Ol) 123 

2 -2- 2 

21/, 11/, 
(3) 036 (03) 036 (3) 03 

2 -2- -2-

1'/2 1'/2 (3) o 3 (3) 3 (3) 03 (3) 03 
2 2 -2- -2-

1/2 }I/2 0 0 0 0 

I) The maxima of intensity are overlined. 
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TABLE 11 (Continued). 

ZEEMANeffect 
Combination 

J J Calculated 
Observed 

(multipletnumber) 

F F 10 11 

51/, 51/, • (0) 7 (0) 3 (0) 7 
5 -2- 5 

51/, 41/, (ö I 2 3 4) 24 25 26 27 28 29 30 31 32 (0) 3 (0) 3 (1) 7 (0) 8 
20 2 2 4 5 

41/, 41/, (0) 27 (0) 3 (1) 4 
20 2 3 

41/, 31/2 (0 2 4 6) 21 23 25 27 29 31 33 (0) 3 (0) 3 (0) 3 (1) 03 
20 2 2 2 -2-

31/2 31/2 (0) 5 (0) 5 (1,6 
4 4 4 

31
/2 21/2 

(ö I 2) 34567 (1) 3 (1) 8 (0) 4 
4 2 5 T 

21/2 21/2 ~ (0) .1 (1) 1 
1 -1- -1-

21
/2 P/2 (0 1) 0 1 2 (01)012 

1 1 

P/2 P/, 0 0 0 

TABLE 111 

Observed combination muItipiets I) 

D'-d' 7 F'-d' 

2 D'-D" 8 F'-D" 

3 D'-D'II 9 F '-D'II 16 D'II-DIV 

4 D'-F" 10 F'-F" 24 {'-F" 

5 D'-FI/I 11 F'-F'II 17 FI/I-DIV 

6 D'-.r 12 F'-.r 

13 F'_f" 18 {'-lil 
22 D'-g' 

14 F'_g' 19 f'-g' 
21 D'-y 

15 F'-y 20 ('-y 
24 D'-dil (P?) 

I) The combinations D'-t', {'-d' and {'-Dil seem to be also present in the 
iron-spectrum. 
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TABLE IV. 
-- --

1 
D' D' D' D' D' 

I 415.9 2 188 .1 3 184.1 4 89.9 5 

41/. 31/. 21
/. }I/~ 1/2 

d' 31/2 

t 390.6 
36766.84 36351.00 36062.94 

d' 2'/. 
2 252.0 

36141.55 36453.53 36269.68 

d 1'/. 36105.50 36521 .39 36431.44 
3 

! 

2 
D' D' D' D' i D' 

I 2 3 4 

I 

5 

4'/. 3'/. 2'/. }I/. '/, 

D" 4'/~ 39625.63 39209.92 
I 344.0 

D" 31/~ 
2 261. 5 

39969.12 39553.82 39265.11 

Dil 21/. 39815.25 39521 .20 39343.20 
3 173.2 

D" 1'/, 39100.36 39516.46 39426.34 
4 86.6 

D" 11/. 39602.98 
5 

3 
D' D' D' D' D' 

I 2 3 4 5 

41/. 31/. 21/. 1'/, '/. 

Dil/ 41/. 
I 240.2 

25900.00 25484.03 

D'" 3'/. 26140.19 25124.24 25436 . 14 
2 199.5 

D'" 
3 139 _ 7 

2'. 25923.17 25635.67 25451 .45 

Dil/ 
4 71.1 

1'/. 25175.35 25591.23 25501.35 

Dil/ '/, 
I 

25162.35 
5 

4 
D' D' D' D' D' 

I 2 3 4 5 

41/. 31/. 21/. 1'/. 1/. 

F" 
1344.1 

51/, 33695.37 I 
F" 41/. 34039.53 33624 .72 

2 289 .2 

F~ 218.4 
31/. 34328.12 33912.84 33623.60 

F" 21/, 34131.31 33843.18 33659.02 
4144.9 

F" 1'/, 33983.12 33803.97 33114.06 
5 
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TABLE IV (Continued) . 

5 
I 

D' D' r D' I DT~; ·· I 2 3 4 . 5 

41
/2 31/2 21/2 11/. 11, 

p", 51/. 

I 292.3 
26814.53 

p", 41/. 27166.82 26150.88 
2 227.9 

P'" 31/. 27394.61 26918.16 26690.69 
3 16+.9 

F'" 21/. 27143.66 26855.51 26611.45 
4 106.8 

P'" 
5 

PI. 26962.43 26118.22 26688.31 

6 
D' D' D' D' D' 

I 2 3 4 5 

41
/2 31/2 21/2 P/2 1/. 

.1'l 41/. 33095.93 32679.98 
411.2 

.1'2 31/2 33501.13 33091.17 32803.10 
294.4 

.1'3 21/2 33385.54 32091.53 32913.43 
145.4 

.1'4 ·2'/. 33530.98 33242.94 33058.18 
70.2 

.1'5 PI. 33313.08 33128.96 33039.01 

7 
F' P' F' p' p' 

I 488.5 2 351.3 3 257.8 4 168.9 5 

5'/2 41/. 3'/. 21/. PI. 

d' 31/2 29390.18 29038.81 28781.22 
I 390.6 

d 2'/. 29429 .48 29111.76 29002.73 
2 252.0 

d 11/. 29423.16 29254.81 
3 

8 
p' p' p' p' p' , 2 3 4 5 

5'/. 4'/. 3'/2 2'/, PI, 

D" 41/. 32691.50 32249.05 31891.78 
1 344.0 

D" 3'/. 32593.04 32241.18 31983.99 
2 261.5 

D" 21/. 32503.25 32245.56 32016.65 
3 173.2 

D" PI, 32418.7\ 32249.70 
4 86.6 

D" 1/, 32336.56 
5 
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TABLE IV (Conlinued). 

, 
F~ 1" F 

, 
F' 

9 
F 

1 3 4 5 

51/, 41/, 31/" 21/2 ]1/. 

Dil' 41/. 18981.72 18523.21 18111.92 
1 240.2 

D'" 
2 199.5 

31/2 18163.41 18412.11 18154.40 

Dil' 
3 139.7 

21/2 18611 .62 18353.90 18184.98 

D'" P/J 18492.59 18353.66 
4 71.1 

D'" 1/. 

I 
18395.76 

s 

1" 1/ F 
, 

F~ F; 10 1 2 3 

511:. 41/" 31/2 21/2 P/s 

F" 51/2 26167.12 I 26318.65 
1344.1 

F" 
2 289.2 

41/2 21111.21 26662 .16 26311.41 26053.71 

F" 
3 218.4 

31/. 26952.00 26600.71 26342.98 

F" 21/. 26819.15 26561.42 26392.53 
4 144.9 

1'" ]1/. 26105.35 26537.43 
I 

1" 
, 

F' 1" 
, 

11 
F F

S I ~ 3 4 

51/. 41/2 • 31/. 21/. P/. 

F
III 

I 292.3 
51/. 19946.28 19491.77 

F'" 41/. 20238.55 19190.04 19438.15 
2 227.9 

1'''' 31/. 20011.93 19651.61 19408.90 
21 164.9 

F~'106.8 21/. 19831.51 19573.71 19403.86 

F~' P/. 19680.55 19511.63 

12 F; F~ F~ F: F' 
5 

51/. 41/. 31/. 21/. P/. 

XI 41/. 26167.66 25719. Ui 25361.84 
411.2 

X2 31/, 26130.35 2!)779.05 25521.31 
29404 

X3 2'/, 26013 .50 25815 .77 25646 .86 
145.4 

X4 21/~ 26218.89 25961.16 25192.20 
70.2 

X tI /" 26031.30 25863.38 
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TABLE IV (Continu~d). 

13 F; F' F~ F: l'~ 2 

51/2 41/2 31/2 24/2 P/. 

ril 41
/. 29151.84 29309.36 28958.11 

I 476.5 
ril 3112 29185 .88 29434.64 29116.81 

I 358.5 
ril 21/2 20193 13 29535.23 29366 .20 

3 

14 
1/ F~ F' p' F' 

1 3 4 5 

5!/. 4'/. 31/. 21/2 1'/. 

, 51/2 28450.93 28002 .43 
Cl 388.4 , 

4112 28839.29 28390.19 28039.50 
g2 311.8 , 3'/. 21102.58 28351.32 28003.55 g3 

, , 
'F~ F' 

, 
15 

P F
2 

F , 4 5 

51/2 41/2 3'/. 2' /2 ]1/2 

y, 51/2 21854.20 21405 65 
474.9 

y~ 41/2 (?) 21880.51 29529 .29 
354.3 

Y3 31/2 28234.85 21883.56 21625.84 
244.8 

Y4 21/2 28128.34 21819.61 27701.70 

16 
D'" Dil' Dil' Dil' D'" , 240.2 2 199.5 3 139.7 4 71.1 5 

41/. 31/2 21/. 11/. 1/. 

DIV 41/2 18776.96 18536.18 
, 384.3 

DIV 
22726 

31/. 19161 .28 18921.12 18121.51 

DIV 21/2 19193 .65 18994.15 18854.45 
3 175.2 

DIV 1'/2 19169.41 19029.11 18958.64 
4 86.0 

DIV 1/2 19115 .12 
5 
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TABLE IV (Continu~d). 

17 
F'" F 'II F~' F:' 

Flit 
I 292.3 2 227.9 164.9 106.8 5 

51
/. 41/" 31/2 21

/" P/. 

DIV 
I 384.3 

41/. 11862.31 17510.15 11282.23 

DIV 31/2 17894.46 11666.58 17501.71 
;2 272.6 

DIV 
3 175.2 

21;' 11939.15 17714.23 17661.50 

DIV PI. 11949.53 11842.76 
4 86.0 

DJV 1/2 

I 
11928.69 

5 

, 
I f' f~ f' 

18 
i 

1 584.7 407.6 3 

41/2 31/2 21/2 

t;' 476•5 
41

/. 24709.51 24125.21 

f:'358.5 
31/. 25186.48 24601.18 24194.19 

til 21/. 24950.20 24552.51 
3 

19 
t' 

1 
t' 

2 
t' 

3 

41/2 31/. 21/. 

I 51/. 23402.96 
g I 388.4 

I 41/. 23791.33 23206.58 
g 2 311.8 

I 31/. 24103.11 23518.41 23110.16 
Ra 

20 t' I t' 
2 

t' 
3 

41/3 3 1
/. 21/2 

)'1 51/. 22806.18 
474.9 

)'2 41/. 23281.05 22696.40 
354.3 

Ya 31/. 23635.39 23050.64 22643.06 
244.8 

Y, 21/, 23295.48 22881.83 



TABLE IV (Conlinued). 

21 ~ - I D~ 415.9 

4'/. 

D' D' 
2 288.1 3 

3'/" 2'/. 

YI 5'/2 34782.2 
474.9 

Y2 4'/. 35257.1 34841.2 
354.3 

Ya 3' /. 35611.4 35195.5 34907.5 
244.8 

Y4 2'/2 35440.3 35152.3 

22 
D' D' D' 

I 2 3 

4'/2 3' /1 2'/. 

1 5'/. 35379.0 
g I 388.4 

I 4'/. 35761.4 35351.6 
g 2 311.8 

I 3'i. 36079.3 35663.4 35375.4 g3 

23 
t' 

I f~ t' 
3 

4'/2 3'12 2'/. 

F;' 344.1 
5'/2 21119.2 

F~ 289.2 
4'/2 22063.3 21418 .6 

1'" 3'/. 22352.5 21161.8 21360.2 
3218.4 

F" 
4 144.9 

2'/. 21986.2 21578.6 

pil 
5 

I'/~ 21723.5 

24 
D' , D' 

2 
D' 

3 

4'/2 31
/. 2'/. 

dil? 3'/. 29057 .2 28641.56 28353.35 
I 412.9 

dil? 21
/. 29054.22 28766 .22 

2 263.8 
dil? 1'/. 29029.75 

3 

D' 
184.1 4 89.9 

1'/. 

34968.2 

D' 
" 1'/. 

D' 
4 

PI. 

28582.12 

28845.80 

I 

D' 
5 

'/~ 

D' 
5 

'I. 

D' 
5 

'I. 

28155.79 




