
PhYBioB. - "Bands in the secolldm'Y spectrum of hydrogen". By 
G. H. DIEKJt:. (Communicated by Prof. P. EHRENPEST). 

(Communicated at the meeting of May 31, 1Y24l. 

Among all the molecular speetra I he secondary or many-lined 
speelt'um of hydl'Ogen occllpies a special place. Owing to the smaIl 
moment of ine..tia of Ihe hydrogen molecule the dislance bel ween the 
lines in one band must be much gl'ealer than in any olher band 
spectrum and for Ihe same reason every band can contain but few 
lines in this case. Tlds is the reason whJ' the aspect of the many
lined spectrum is totally differenl from an ordinary baJld speclrum. 

It is impossible to recognize the bands at a glance, as is possible in 
most moleculal' speetra, and het ween the series of lines in one band 
generally lie many lines of a diftel'ent origin. 

h. 1912 G. S. FUJ.CHI<:I{I) fOllnd certain grollps of Iines with a 
constant differenee of wavelength, alld he demonstrated that these 
lines are str'ongest wilh low voltage dischal'ges. He further pointed 
oul Ihat accOl'~ing to tbe measllrements of DUFOUR') they do not show 
the ZEEMANeffect. F. CROZE') armnged a number of lines without the 
ZE}~MANeffect in series, in which the second diffel'ences of the fl'e
quell('ies were neady (,ollstant. The Fm.CHER bands form pal't of his 
series. LENZ4

) explailled this reglllal'ity on Ihe principle of the quan
tllm theol'y of band spectra. 111 this paper we shall try to arrange 
fmthel' Iines in bands and explain "he OI'igin of these bands. The 
l'eslllts howevel' lead to an intel'pl'~tation diffel'ing from the one given 
by LENZ. 

The secondary spectl'um of hydrogen has in recent times been 
measl1l'ed by WATSON'), PORI.EZZA and NORZI 8

), CROZv,3), and most 

1) G, S. FULCHER Phys. ZS. 13 p. 1137, 1912. 
Astrophys. J. 37 p. 60, 1913. 

!) DUFOUR Ann. Chim. et Phys. 9 p. 361, 1906. 
Journ. de Phys. 8 p. 258, 1909. 

S) F. CROZE Ann. de phys 1 p. 35, HH4. 
4) W . LENZ, Verh. D. Phys. Ges. 21. p. 632, 1919. 

A. SOMMERFELD, Alombau 11. Spektrallinien, 3. Aufl. p. 534. 
~) H. E. W ATSON Proc. Roy. Soc. A 82 p. 189, 1909. 
6) C. PORLEZZA e G. NORZI Alti Accad. Lincei 20 (1) p. 819. 1911. 

C. PORLEZZA; ibid. 20 (2) p. 176, 1911. 
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exhaustively by MJ<:RTON and BARIIATT 1). Tbe two last-named scÏentists 
also investigated the change of intensity at ditfel'ent conditions of 
discharge. The regularities fonnd by FULCHJ<:R can easHy be extended 
with the tab Ie given by them . We shall fhst mention the resnlts 
found, and then discuss the admissibilily of the conc\usions given here, 

Three groups of hands coulrl be found, one in the red, one in 
the gl'een, and one in the blue pal'l of lhe spectrum. The I'ed gronp 
is Ihe most compieie, and will therefore he taken as Rn example. 
The strucllll'e of it call be seen from tbe flglll'e in which the numbel' 
m is plotted as ol'dinate against the frequellcy as abscissa. The 
branches A, B, C, etc. are zero branches, Ihat is 10 saJ', they are 
due to tbe fransition ut -+ rn of the rolational qllantllm-lIumber m, 
and the lines of I hese branches satisfy the equation 
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The branches marked wilh Greek eharaclel's mny be takelI 1'01' 

positive branches, and are therefore due 10 Irallsilions m + 1 -+ m. 
Whether a negative bl'anchis presenl, could not be eslahlished wilh 
any certainty (see later on). In the fig . the six hands of Ihe I'ed 
group have been drawn. Ever.,' band, which in Ihis case contains 
two branches, is chamclerized by the oscillation quantum numbers 
n l and n, of initial and flnal state of the molecule. In the gl'Ollp 
nI-n, is constant. The grOllps in green and bille have an analogous 
stl'\lcture, but are le88 complete. 

1) T. R. MERTON and S. BARR.U Phil. Trans. A 222 p. 369, 1922. 
32* 
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In tlle followillg lables I, 11, III the wavelengths and fl'equencies 
of tlle lines are given accol'ding to the meaSUl'ements of MRR'l'ON alld 

BARRATT and 8olso the intellsity according to MKRTON aud BARRATT (M), 

W ATSON (W) and PORJ.EZZA and NORZI (P). 
T ABLE I. Red group. 

mi 
0 

I I 
Intensity I F 

Iml 
0 I Intensity i, JA 11 L V ). JA 1I F 

M[W[ P M W P 

A(m) 
11 

IX (m) 

1 60 18 .29 16611.43 0 .00 10 9 7 S3 1 59 94 .05 166 78 .59 6 4 4S. 

2 23 . 74 16596.41 - 0 .01 7 4 4 S2 2 75 . 43 167 30.58 10 8 8 S7 

3 31.80 74 . 14 +0 . 11 10 5d 10 SI 3 59 . 70 74 . 72 8 3 3 

4 42 .70 44.32 -0.09 5 4 47 .27 168 09 .80 6 3 2 

5 56 . 10 07 . 73 0 .00 5 0 2 5 

6 

7 ( 93.83 16405 . 52) 2 
I 

2 

B(m) 
\\ 

p(m) 

1 61 21.76 16330 . 66 0 .00 10 10 9 S3 1 60 98 .23 163 93 . 66 6 3 2 S4 

2 27.40 15.64 -0 .50 9 6 6 S~ 2 60 80 . 78 164 40.52 9 S7 

3 35.34 16294 . 53 +0.05 8 6 10 SI 3 66.64 79 .03 4 1 

4 46.17 65.80 -0.04 3 2 4 54.74 11.43 0 

5 59.58 30 . 39 0.00 4 0 3 

6 

7 ( 97 .05 161 32.25) 5 2 4 S6 

C(m) 
11 

'Y (m) 

1 62 24.81 16060 .31 - 0.02 9 10 9 S3 1 62 01.15 161 21.59 5 2 3 S. 

2 30 . 23 46 .34 +0.01 7 2 3 S2 2 61 82.98 68 .96 8 4 6 S7 

3 38.39 25.35 +0.02 8 6 7 SI 3 67 . 74 162 08 .93 3 0 1 

4 49 . 15 15997 . 74 -0 .07 3 ° 1 4 55.61 40.85 5 0 3 

5 62.49 63 .68 +0.05 4 

6 

7 ( 99 . 42 15870.09) 7 5 6 S6 
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T ABLE I. (Continued). 

mi 
0 

I 
I 6 v I ~1:Slit: I F 11 m I 

0 

I 
I Intensity I F ÀJA v ÀJA v 

I Mlwl D 

D(m) 
11 

dim) 

1 63 27.07 158 00 .73 0.00 8 8 7 S3 I 63 03.46 158 59.93 3 ° 1 S. 

2 32.46 157 87 .28 +0.06 5 1 3 82 2 62 85 .37 159 05.58 ? 4 4 S7 

3 40.57 67 . 10 +0.01 6 2 4 S, 3 71 .31 41.24 3 2 2 

4 51 .28 40.51 +0.04 1 1 4 60.31 69.69 [-] 

5 64.64 07.46 · 0.09 2 ° 2 
I I 

E(m) 
11 

f (m) 

1 64 28.10 155 52.41 +0.03 5 2 4 S3 1 64 04 .01 156 10 .91 3 1 

2 33 .47 39.43 -0 .02 2 ° 1 S2 2 63 87 .87 50.36 1 1 

3 41.50 20 .05 - 0.06 3 ° 3 S, 3 72 .19 88.85 3 ° 1 

4 52.13 154 94.49 - 0.08 ° 1 

5 65.22 63.12 +0.14 ° I 
F(m) 

11 

1 65 27.35 15315 .93 4 1 2 S3 

'2 32 .62 03 .57 1 1 

3 40 .53 15285.07 2 1 

4 ( ·)50.60 15261.56) 1 

.) Wavelengtb according to PORLEZZA. 

The column 6v gives the differences between the frequencies ob
served and the freqllencies calculated according tho the equation (2) . 
In the last column is given FULCHER'S notation for the Iines found 
by this investigator. 

Reliability of the data. 

The red grollp is the strongest, and the observations referring 
to it are by far the completest. Therefol'e, the constants for it could 
be detel'lnined with a mllch gl'eater accuracy than for the two other 
groups. For the same reason, the pl'obability that the lines have 
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been wl'ongly al'l'allged is srnallest iJl the red group and gene rally smal
lel' in the zel'o titan in the positive branches. Only an experimental 

T ABLE 11. Green group. 

mi ÀJA I I é, v I Intensity I 
Ilml 

0 

I I 
Intensity v ÀJA v 

I Mlwl PI MI Wl P 
A(m) 

1/ 
Cl( (m) 

1 53 03.15 188 51 .49 -0.14 8 2 6 S3 1 52 84.50 189 17.98 4 ° 3 

2 09.03 30 .62 +0.10 4 2 Sz 2 72.29 61.84 5 2 4 

3 17.90 187 99 . 22 +0.14 4 ° 2 S. 3 63.81 92 .38 2 

4 29 .74 57.43 -0 . 10 1 1 

51 
44.27 06.451-0.02 [- ] ° 1 

I 
B(m) 

11 

p(m) 

1 54 19.90 184 45 .52 +0 . 16 6 4 6 S3 1 54 01.06 18509.75 1 1 2 

2 25.96 24 .83 -0.16 3 1 5 S2 2 53 91. 22 43 .52 1 

3 34.83 183 94.72 +0.05 3 1d 5 S, 3 ( 78.41 87.71) 3 1 

4 46.70 54.66 -0 .06 ° 2 

5 61 .50 04.93 -0 .51 1 

C(m) 
11 

'Y (m) 

1 55 37.45 180 53.86 -0.17 7 3 6 S3 1 55 18.48 18115.91 2 3 

2 43.41 34.42 +0 .18 2 ° 3 S2 2 05.51 58.61 4 2 6 

3 52 .52 04.85 +0.03 2 ° 3 S. 3 (54 95.98 90.09) 2 ° 4 

4 64.53 179 66 .00 -0 .03 2 17 

5 79.47 17.88 --0.36 ° 1 / 

D(m) 
11 

1 56 55 .75 17676.22 -0.23 5 1 4 S3 

2 61.72 57 .58 +0.24 3 ° 3 S2 

3 70 .89 29.03 +0 . 12 3 ° 2 S. 

4 83.05 17591.331 - 0.13 2 

I 
5 ( 99.20 41.46)/-3.88 ° I I 
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T ABLE III. Bluc group. 

I 
0 I 

I 
Intensity 

I 
m UA :I 

I M I w I p 

A(m) 

I) 1 44 90.45 222 63.24 5 5 4 

2 93.67 47.29 2 1 2 

3 98.52 23.31 2 4 5 

4 45 04.90 221 91.84 [-) 

5 12.81 52.96 1 0 

B(m) 

1 45 54.13 219 51.97 4 3 3 

2 57 . 32 36.61 2 2d 2 

3 62.24 12 .96 2 2 2 

4 

5 76.54 218 44.45 0 

C(m) 

1 46 17.49 216 50.73 3 3 4 

2 20.72 35 .61 1 0 1 

I) 3 25.39 13.76 (4) 2 6 

4 

5 ( 40.47 215 43.50) [-) 

D(m) 

1 46 80.43 213 59.62 2 1 0 

2 ( 83.79 44.26) 5 4 7 

3 88.43 23.15 0 0 

E(m) 

1 47 43.40 I 210 76.06 3 1 2 

2 

3 51.59 39.75 1 0 1 

I I) These Iines show the ZEEMANeffecl. 
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investigalion can give cel'tainty on the cOl:rectness ofthe classification, 

Lines whicb seem 10 belong 10 these ballJs, bul which are still douhtful, 

have heen placed belweell bl'ackets. A IInmber of Iines, wliich must 
very probahly be att .. ibllted to these Ol' analogous bands, is omitfed 

for the reason of heing 100 dOllbtflJl. Because of the great numbe .. 

of lilles, the existenee of relal,ions belween wave nlJmbeJ's alone is 

of little value. 
FULCHER and LRNZ I'egal'ded the lines A (rn), B (lil), C (m) etc., m 

heing a cOllstallt, as belonging 10 one hand. Bnt acceptillg this expla

nRlion, one call1lol (iud a .. easoll for the exislence of several bands 

with smal! characferisti(' diffe .. enees bel ween them. 

Thel'efore the lilles, which LENZ alld SOMMERFELD regardeo as 

belollgillg 10 Ihe same oscillalioll, bilt to different rotational qllalltum 

nnrnbel's, al'e illtel'pl'et.ed ill Ihis papel' as being dne to t.he same 
J'otaliollal I ransi tions bul 10 differen t osci Ilation ju mps, 

G~:H RK R alld LA UI) alflO iJl vestigared the many-lined spectr'lI mand 

cOllfirrned FULCHER'S l'e811l1s, viz. Ihat the lilles in queslioll are rnuch 

lIIo .. e st"ollgly exciled witl. low veloeity eathode I'ays, Ihan with 

rays of high veloeily. The'y weJ'e the fit'st 10 observe the blue gJ'oup, 

but fJ"opollllded anolheJ' ('onceplion of Ihe stJ'ucture of Lhe gl'OUpS, 
They, as weil as FUI.VHER, poillied out th at the regulal'ity in Ibe 
a .... allgement of the lines is specially manifested in the wavelengths 

and they tberefof'e ('alleo I hese bands 1:::.;. bands. 

lt seems 10 me t.hat llIosl of the regulal'ities found by CROZE must 
he atlributed to chance. 

KRATZ~,R ') dedueed certain J'elations between the constants of a 

halld syslem. The fael th at these J'elations are satisfied here may be 
consideJ'ed as a pl'oof that the lines al'e cOl'J'ectly arranged and 

in t.el']ll'eted. 

The faet Ihal Ihe th'st lines of evel'y band satisfy aquadratic 

eqllalioll, sllggests Ilral lire ele('iJ'on impnlse in the dil'ection of the 

line eOllnecting Ihe III1c1ei is zel'o. If the influence of' the rotation 

on the motion of the elecll'olls is negleeted, the rot.ariollal tel'm may 

be wl'itten 

F(m) = B (m-Q)' - Bu' (111 _ Q)4 + ." 
lt 

in which B = 8:Jl'J - (In (J moment of inel'tia), Q the component of 

tlre electl'on implllse vel'ticall.v on tlre line connecting the nnclei, 

I) E. GEHRKE and E. LA u Berl. Ber. 1922 p. 453 j 1923 p. 242, 
') A. KRATZER ZS. f. Phys. 3 p, 289, 1920, Ann. d. Phys. 67, p. 127, 1!)~~, 



497 

h 
and u= 4 • J (vo frequency of the nuclear oscillations at very 

:!f- V o 

small amplitudes); B is thus depending on the oscillation quantum 
number 11, The small value of the moment of inertia J causesu 
to be lal'ger here than in mORt other bandspectra, and therefore a 
deviation from DESLANDRE'S law will take place all'eady for rat hel' 
small values of m, If in a cel'tain electron- and oscillation transition 
the l'otational quantllm is unchanged, we get the zero branch 

Q(m)=A + Cm"-Dm'· (2) 

in which 

C=B.-B, D=B.".'-B,u,' and m'=m-f!, 

The obsel'vations indicate that mi has the values 1,5, 2,5"" 
as is also the case wilh the infra-red bands of HOI and the ultra
violet cyanogen bands, As the lines belonging to the transitions 
0,5 ~ 0,5 do not appear, it would be obvious to give f! the value 
of - t, Thel'e al'e however other likely possibilities, so that in this 
respect nothing can be dedllced as yet. The interprelation of the 
structlll'e of the bands given here is not atfected by it. 

In table IV tIJe values A and Care given, computed from equation 
(2), The column l:::.v in the tables land II indicates that the Iines are 
in agreement with Ihe eqllation within the Iimits of experimental 
errors, The agl'eement would be still greater, if for ever,}' band an 
individllal value D had been taken, As D must be computed from 
ditfel'ences of ditfel'ences areliabie value cannot be calculated from 
one band, In the I'ed and green group the average of the complJted 
values of the separate bands is taken, ThllS we fOllnd for the red 
group D = 0,00201 and fol' the green D = 0,004, The latt.er value 
howevel' is of no importance as in the green group the constants in 
e\'ery case were computed out of the first four lines, 

In tlle blIJe gl'Ollp Ihe data are so few that here the simple 
equation (1) was used, 

If the bl'anches indicated by Greek characters belong to the 
transitions 1,5 ~ 0,5, 2,5 ~ 1,5 etc, the difference between the 
corresponding Iines of the positive branch and the nullbranch must 
be equal to 

B, -~, +- 2 (B, - 2 (j,) m' - {J, (6 m" + 4 m"), (8) 

in whieh {J = u' B, 
The values of B, computed from this expression are given in the 

third column of table IV, The)' must be taken as provisional values, 
however, 
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TABLE IV. 

I I I I I 
--

Band A B~ -c LC 

Red group 

A 166 19.90 33.68 3.769 
0.122 

B 163 38.85 31 .75 3 .647 
0.128 

C 160 68.24 30.71 3.519 
0.126 

D 158 08 .35 30.00 3.393 
0.134 

E 155 59.74 3.259 
0. 144 

F 153 22.94 3.115 
I I 

Green group 

A 188 63.56 33.41 5.313 
0.187 

B 184 56 .87 32 .28 5 . 126 
0 . 117 

C 180 65.21 31.15 4.979 
0.167 

0 176 87 .26 4.812 

E 173 27.03 

Blue group 

I 
A 222 72.22 I 3.99 

0.12 
B 219 60.72 3.87 

0.09 
C 216 59.27 3.78 

0.13 
D 213 67.83 3.65 

I 
0.02 

E I ( 210 84.23 3.63 ) 

The vallles B. and C depelld accol'ding 10 KRATZER'S theol'Y on 
tha oscillalion q'uanillm numbers 

B. = B. ft - (tI n. . (4:) 

- C=B.o-B1 ft-(a.-a 1 )n. +da1 (5) 

Here al and a. are nllmbers propol·tional with u, which contairr 
the coefficients of the potelltiorral development of Ihe forces between 
the nuclei, and Blo, BI ° the values of Bu BI when thel'e are no 
oscillations of the nuclei; d = nl-n. is constant irr one gl'OUp. 

The values of BI are not known with sufficient accul'acy to test 
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the lillear decl'ease of B. witlt u. with any cel'taillty. The deel'ease 
is, however, in the right dil'ection and of the correct order of mag
nitude. On the conh'ary, column 6. C in table IV shows that the 
linear decI'ease wi th n. of - C really takes place. The small rate 
of the diffel'enees, which seems lo be raai in the red group, may 
be due to the fact that the terms ot' higher ordel' in (4) and (5) 
are neglected. We can attach most value to the numbers of the 
red group, because all the constants in the two other gl'OUpS eould 
not be detel'mined with the same degl'ee of accuracy, 

Intensity of t!te lines. 

The sharp decrease 'of intensity is to be expected on account of 
the small moment of inertia of hydrogen, alld is to a less extent 
also ohserved in the band spectrum of helium 1). The tables show 
that the different in\'estigators give greatly divergent intensities, and 
Iherefore a wbolly I'egular course cannot be expected. 

But there is one peculiarity, in which all in vestigations agree and 
which ought to be mentioned. The lineswith an even value of m 
in the Q-branches are weaker than lIIight be expected from the 
intensities of the preceeding and the following line. From th is fact 
one could come to t.he conc\u8ion that the lines 1, 3, 5, ., of the 
zero branch might be connected more closely and also the lines 
2, 4, 6,.. Something of this kind would occur, if the odd lines 
belonged 10 the rotational tl'ansitions m - t ~ m - tand the even 
lines to the transitions m + t ~ m + t. Bul we will not insist on 
this question, the experimental data being not yet suffieient 10 decide 
with any certainty in favour of one Ol' the othel' aS8umption. 

Changes hy exte1'nal injluences. 

According to the measul'ements of DUFOUR and CROZE, the band 
lines have no ZEEMANeffect. A few exceptions from this !'Ule in the 
blue group wiII have their ol'igin in the coincidenee with other lines. 

The fh'st lines of each band in the red group al'e weakened by 
a condensed discharge and enhanced by lower pl'essm'e in the 
discharge bulb. The fm'ther \ines show a more irregulal' behaviour 
with changes of the conditions of the discharge. Tbe Iines of the 

1) W. E, CURTIS Proe, Roy. Soc. A 101 p. 38. 1922. 
A 103 p. 315. 1928. 

I) The vall1es m ± 1/, are also found in the spectrum of helium, A. KRÁTZElt 

Z,S. f. Phys. 16, p. 358, 1928. 
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gl'een and blue gl'oup behave in tha same man nel', but the obser
vations are less complete . 

A mueh more regular pl'ogressioll of intensitÏes than in a discharge 
bulb, whel'e the conditions are too complicated, must be expected, 
if the Iines are excited hy temperatnre I'adiation in an electric 
fUl'Ilace. With high temperatul'es, tlle higher Iines in a band must 
be enhanced and more lines will pl'obably appeal'. Also the intensity 
of bands with high oscillatioll quantum numbel's must increase. It 
must be expected thaI these and analogous bands will be prominent 
in the spectrum if the temperallll'e is not 100 high, and that the Iines 
enhanced by a condensed disehal'ge will be relatively weak. In this 
manner, it is possible pedlaps to decide, ":hether the classification 
of the lines in this paper is correct and 10 find new bands with 
some certainty. 

The zel'o lines of the bands ill each group follow approximatively 
DESLANDRE'S fOI'mllla. We shall not insist now on a possibJe con
nection between the three gl'Ollps. Nor the illitial nOl' the final state 
of the bands can be the normal state of the molecllle, and therefore 
a direct information on Ihis state cannot be got from these hands. 
The bands originating in the nOl'lnal stale must, as may be seen 
from the resonanee potential, lie in the extl'eme IIJtra\'ioJet. Unfor
tunately the aceuracy of the wave lengths measurements I) of the 
so called first spectrllm of SCHUMANN is not sufficient to find snel! 
bands among the extl'aordinary great number of lines. 

If the branches mal'ked with Gl'eek lellel's al'e interpreted as 
positive branches, as indicated above, the moment of inertia of the 
hydl'Ogen molecnle ilJ the fillal state is of the order of magnitude 
0,82.10-(0, whereas LEN7. calculated 0,19.10-40 from the FULCHER 

ballds. 

I) Th. LYMAN, Astroph . J. 23. p. 181 , 1906. 




