
- 1 -

Huygens Institute - Royal Netherlands Academy of Arts and Sciences (KNAW)
 
 
 
Citation:
 
P. Zeeman, On an Asymmetry in the Change of the spectral Lines of Iron, radiating in a Magnetic
Field, in:
KNAW, Proceedings, 1, 1898-1899, Amsterdam, 1899, pp. 98-100 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This PDF was made on 24 September 2010, from the 'Digital Library' of the Dutch History of Science Web Center (www.dwc.knaw.nl)

> 'Digital Library > Proceedings of the Royal Netherlands Academy of Arts and Sciences (KNAW), http://www.digitallibrary.nl'



- 2 -

( 98 ) 

molecule in the field, the simple spectral line must be separated Ïnta 
a p-fold line, in sueh a way, that the position of thè different eoO)
ponen ts is symmetrieal to the right and left of the ol'iginal line, 
Fl'om this it fol10ws, tbat if p is odd, one component remains at 
the place of the original line, . 

It seems however very difficult to conceive a system, having 
1'ea11y, as is llecessary for quadruplets, four equivalent degrees of 
freedom 1 especially if in addition to this, it is required tha~ the values 
of ct and ;:1 must be independent of the direction of the maO'netic , 0 

force, relatiyely to the molecule, I have not been able to find out 
a system, 1'ea11y fulfi1ling these conditions, It is true, it might be 
argued that the very existence of aquadruplet proves the equality 
of four frequencies, when there is no magnetic field, and hence that 
the above theory of the quadruplet must be true, even though the 
mechanism bas not yet been found out. However I have some scruples 
to be satisfied with this view of the case, for I think, it is not yet 
quite certain, tbat thC' vibrations wbich produce light are rea11y 
to be described by equations of the form (1), 

Physics, - On an Asymmet1'Y in the Change of the sp~ct?'al Lines 
of Iron, 1'adt'ating in a Magnetic Pield. By Dr. P. ZEEMAN. 

1. It is known that in the elementary treatment of the influence 
of magnetic forces on spectral lines according to LORENTZ'S theory 
it is sufficient, if only one spectral line is considered, to suppose 
th at in every luminous atom is contained one single moveable ion 
moving under an attraction proportional to the distance from its 
position of equilibrium. All motions of sueh an ion can be resolved 
into linear vibrations parallel to the lines of force and two circular 
vibrations, righthanded and lefthanded perpendicu]ar to tbe lines 
of force. The period of the first mentioned vibration remains un
cbanged, those of tbe last are modified, one being accelerated and the 
other retarded. The doublets seen along the axis of the field, the 
triplets seen across it are in this manner simply explained and 
also the obst'rved polarisation· phenomena. Besides we must expect 
aecording to the theory th at the outer components of the triplet áre 
of equal intensity and likewise the two circularly polarized com
ponents of the doublet. Eye observations as weIl as the negativeR 
taken hy myself and others have always confirmed till now this 
most simple symmetrical distribution of intensities. The question ariaes 
cannot the extern al magnetic forces, sufficient to direct the molecular 
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currents assumed in the ionic theory of magnetism 1), favour the 
circular vibrations more than those along' the 'lines of force 2). If 
this be assumed we are a]so compeUed to admit that the revolving 
of the ions takes place more in a given direction than in tbe 
contrary~ Hence then there must be a difference ofintensity between 
the two outer components of the triplet and between the two com
ponents of the doublet. AltilOUgh the ordinary magnetism of tbe 
highly-magnetic substances has probably disappeared In the spark, 
it s~ems ratber natural to examine in the first place iron, nickel 
and cobalt in search of a phellomenon in which the "mo]ecular cur
rents" of AMPÈRE (or that part of these currents, which is pro
duced by the motion of the light-ions) would manifest themselves 
optically. However it seems to me by ]]0 means decided beforehand, 
that other substances would 'not exhibit something of this kind. I 
have however investigated in the first place iron. 

Th" first l'esults obtained were much prolllising. In the field used 
several of the iron lines exhibited on the negatives a more intense 
component at the less refrangible side of the spectrum. Further 
inquiry has however shown that this seemingly positive result seems 
to be of no value. I will give the results of my ~xperiments 
only in extract. Before describing them, it may be remarked, that, 
if a directing influence, as mentioned, exists, we must expect that 
the component at the less refrangible side must be !ntensified and 
in the case of the triplet as wen as in that of the doublet. The 
sig!! of the charge of the ions cannot have any influence upou 
this result. 

2. Negatives were taken in the spectra of the third and second 
orders obtained by means of a ROWLAND grating (radius 10 ft., 
14438 lines to the inch). More accurately was studied the part of 
the spectrum between 3000 and 4000 A. U., when viewed in the 
two principal directions across and along tho lines of force. The vast 
majority of the iron lines ware, with the field used, resolved into 
doublets, triplets, quartets etc. perhaps on1y three or four lines seemed 
unaffected. Now I fouud in the case of a few lines inequality betwoon 
the outer components of a triplet across and of the carresponding 

1) cf. RICHAltZ. Wied. Ann. 5", p. 385, 410. 1894. 

2) cf. LORENTZ. Versl. Ak. Amsterdnm, October '97, p. 213. [ft wns pointed out 
by LORENTZ in the urticle referred to, thnt the phenomena obsel'ved hy EGOROF.l!' and 
GEORGJEWSKY cnn be eXplained, without nny hypothesis of the kind mentioned by 
the absorption, which the rays from the lJosterior 1Jart of the flame undergo in the 
.llllterior pnrt.] 

7 
Proceedings Royal Acad. Amsterdam. Vol. I. 
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doublet along the lines of force. On the negative the component at 
the red si de of the spectrum was darker, independently of a commu
tation of the current. Of courile the difference of intensity is depen
dant upon the time of exposition. Upon same of the negatives the 
difference was for a special line perllaps 50 or 100 percent. 

However it was plain enough, that the outer components of the 
triplets and also the two components of the douulets .were, in tbe 
case of tbe strong iron lines, of equal illtensity. Now in the case 
of fee bier lines, let L be one of them, pertul'bations will be possible 

I 

due to tbe overlapping of one of tbe components of a "normal" 
triplet or doublet alld a feeble line, say but slightly affected hy 
magnetism. The Jatter line can 10 be present near L in tbe same 
spectrum; or 2° belang to a spectrum of another order as the line 
L; Of go by the very presence of the field a specialline may become 
relatively to other lines more intense or a new line may be ori
ginated. Ey taking negatives with different fields it will of course 
be possible to evade difficuIties from these three causes, at any rate7 

if the supposed line is thin. We cau however by taking also negati yes 
in ahsence of the field exclude 1, and by taking neg'atives in spectra 
of different order or by cutting off any int~rfering spectrum in' utling 
absorbents 2. Having done this, it appeared that 90180 case 3 som~e
times occurs; the intensity of the iron lines relatively to the air 
lines varies considerably and the mutual intensity of the iron lines 
appreciably. New lines appear, at least lines absent on negatives 
taken with the field off, becamc distinctly visible, whilc yet the 
intensity of the field was insufficient to resolve the lines in 
triplets etc. 

The last mentioned perturbation is of course most treacherous. 
Using however fields of yarying intensities, I could avoid perturbation 
3. Excluding however 1, 2, 3, only triplets, doubiets etc. remained, 
which, I think, can only be called quite symmetrica.l. Hence till now 
there is na evidence for a directing influence of the magnetic field 
on the orbits of the light-ions. 1) 

I) cf. PRESTON, Phil. Mag, Vol. 45, p. 333, 1898. 

(August 9th 1898). 


