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by means of the hypothetical descending "sap-cnrrent", by the newel' 
physioIogisis they were, as a ru Ie, not explained at all. Now tbat the 
existenee of a reslllting desrending CUl'l'ent could be pl'oYed wUh 
Owlel'p((" which shows so nutny analogous phenomena, it seems to 
me to be pl'obable that on closer investigation it will also be found 
with higher plants, although perhaps in an entirely different form 
than was originally thought. 

Physics. - "fJo1tóle rej1'action nea7' tlte cornponents of abs07'ption 
lines magnetically split into several comZJonents", according to 
experiments made by Mr. J. GEEST. By Prof . .E? ZEEMAN. 

Tt has al ready appeared from experiments which I had the honoUl' 
to communicate to the Academy on a fOl'mer occasion that the 
rrmgneto-optic theory of VOlGT 1), who established a simple and 
ralional connexion between the magnetic splitting up of the spectral 
lines aud dispersion, aecounts extremely weH for all the phenomena 
observed in the region of the absOl'ption lines. 

lf light tmverses parallel to the lines of force very attenuated 
sodium vapour placed in the magnetic field, the plane of polarization 
is l'otated in the positive direction fol' all pel'iods lying outside tlle 
cOluponents of the doublet, but in the negative direction, and very 
stl'ougly 2), fol' periods intermediate between those of the components. 

If light traverses the vapour normally to the field, there is double 
refl'action as predicted by VOIG'!' from theol'Y. When placed in a 
magnetic field, all isotl'opic boc1ies "hould show double l'efl'action, 
bnt Lo a measurable degl'ee only in the neighbourhood of the absorption 
lines. VOIGT in "'collaboration with WmcIIEHT experimentaJly yerified 
this result, using a sma11 grating and a flame with relatively much 
soc\inm vapoul'. 

I have extended these resnlts 3) by worldng with sodinm vapolll' 
so dUnte that, in astrong magnelic field, there \Vere seen the four 
absorption lines corl'esponding to the components of the qnal'tet into 
whiclt the line Dl is split by the magnetic field. The mode ofdepen­
dency of double refraction on the pedoel cOllld, in this special case 
with some reserve, bé prcdicted from VOlGT'S theory. Observations, 
in whieh Mr. Gl<1EST took part, confirllled the theoretical result. Mr. 

1) VOlGT, Wn:DEMANN'S Annalen. Bd 67, p. 3ó9, 1899. 
2) ZeEMAN, Proc. Acad. Amslerdam, May 1902, see a1so HALLO, Thesis fol' the 

doclol\llc, Amsterdam, 1002. 
I) ;~I;I:~I \N Cl! GliM, PI'OC. Acad. Am~tel'dllm, May 1903. 
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GEEST has now extended these obsel'vations and will give a more 
detaUed exposition of his results elsewhel'e l

); I intend to give here 
a short explanation of them. 

The arrangement of the apparatus was fol' the lllOSt part the 
same as in OUl' former ex.periments. Planc polarized light, nnder 
azimuth 45 0 to the vertical, faIls on a BABlNET'S Oompensator with 
horizontal edges. The light then traverses a second Nicol with its 
plane of polarization perpendicular to that of the nrst. An image of 
the system of parallel interf"el'ence bands in the compensator, is 
thl'own on the slit of the spectroscape. The light is then analysed 
by means of a large ROWJ>AND gl'ating mounted fol' parallel light. 
The greater part of the expel'iments were made with a compensator 
of which the prisms had angles of about 50', but fol' the study of 
some details compensatol's were nsed with allgles of 10' Ol' of 3°. In 
the spectl'osC'ope a few dark horizontal interference bands are observed 
as long as the magnetic field is oif. The fine absorption lines of the 
vapour are then coincident with the l'evel'sed sodium lines due to 
the arc light. As soon as the field is on, the bands become distol'ted. 
Their vertical displacements are, with the method used, proportional 
to the difference of phase bet ween vibl'ations respectively parallel 
and normal to tbe field. 

:Fot' the simplest case of a line split by the field into a triplet, 
VOIGT dednced a fOl'mula giving the difference of phase as a function 
of the wave length '). The sodium lines Dl and D, beil1g split, 
howevel', by tlle magnetic field into a qual'tet and a sextet, it was, 
in order to compare theo1'y with observation, necessary to deduce 
the forrnulae for these cases. Mr. GEEST has made these calculations 
according to the nlethod already indicated by VOlGT 3) on al1othel' 
occasion, Acr.ording to his calcl1lation, the difference of phase between 
vibrations normal and parallel 10 the field, the light having traversed 
a layer l of the absorbing vapol1l', is given by: 

fj.-- -
WoEl f 4(}'_d'2{}O' 1 ( 

- V' (4ó2_d'2{}0')2_4c2]l2(}2 4rJ2_d2i)02 . 

In this fOl'l11Ula V inelicates the velocity of light in the aethel', 
R the stl'ength of the field, E, cl, cl' alld c ueing constants chal'acte­
ristic of the medium. MOl'eover 2.7l'{}IJ = 1'0 is the period of vibration 
and tI: o{}. 'fhe fOl'mula gi\"en applies to thc case of the sextet; fol' 
the quartet, cl' = 0 anel for t11e tl'iJ..llet, mOl'eovel' cl = 0, Figs. 1--3 

1) GEEST, Thesis for the doctorate, Amsterdam, 1 \)04. 
2) VOlGT 1. c. 
3) VOIGT Wied. Ann. 68 p. 352, 1899. 
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give the grapbical l'cpl'csenlalioll of b. as a, fnnction of Ó fol' eacl! 
of these tbree cases. 

The result of t11e obscrvatians is represented in figs. 4-8. 
These drawings are made with the aid of photographic negativcs. 
We have not ycl succceded in getting negatives that showed all 
details simnJtaneously anel eC]ually weIl. Hence ocular observations 
had ia supply the imperfections of the photographic records. 

Figs. 1, 4, 5 refer to the triplet (type line D 2 in feebIe fields); 
figs. 2, 6, 7 to the quartet (type line Dl); figs. 3, 8 to the sextet 
(type line D

2
). 

When comparing the results of observation with theo1'.)', it shoulel 
be taken into account that the theoretical curve indicates the distortion 
which one single inte1'fel'ence banel would undergo. With the method 
of observation usecl, tbe centml part of tbe field of view contained 
also pal'ts originating fl'om bands lyiug higher and lowel' than the 
one considered. Thc theoretical figme must therefore be completed 
with pal'ts of theoretical curves lying abovc and below the one 
represented. 

We will first of all consider the quartet. We indicate the bands 
by a, b, c, a being the superior one, and by 1, 2, 3, 4, we indicate 
the positions in the spectrum which would be occupied b.)' the com­
ponents. The double curved line between 2 and 3 shows entirely 
the same character in both figures. This sinuous line (figs. 6 and 7) 
thickens out at the extremities into more intense pa1'ts (where the 
double refraction is at a maximum or at a minimum) tu1'ning thei1' 
concave side towards band b. These intense parts co1'1'espond to the 
loop of the theoretical CUl've, the loop between 1 and 2 belonging 
to band c, anel the one bet ween 3 and J to banel a. It was not to 
be expected tlfat the two branches which asymptotically approach 
the components, would be seen separa,ted from the loops. The distance 
is too small by far to allow that. The vertical central line in the 
figure is the l'eversed sodium line due to tlle arc. W'ïth increased 
vitpour density the loops increase their distance fi'om their band. 
Fig. 7 relates to this ca&e, which is also in accordance with theol'Y. 
As the vapom density increases, fewer details become visible, but 
we will not go fUl'ther into this point now. 

The observations concel'ning the sextet are very difficult on account 
of t11e extremely sma11 distance of the components. It is all'eady 
difficuH to observe the inversc sextet, and hence so llluch Ihe more to 
observe phenomena occlU'l'ing betIVeen its components. Only under 
very favonrable circ~llnstances could the phenomenon be observed 
as it is represented in fig'. 8. The other phenomella observed with 
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Dl are most l'eadily interpl'eted by considel'ing them as o!'iginating 
from a triplet and not f1'om a bCÀlel. 

Tt scems rather supel'flnous to give any further explanation of 
figs. 8, 4, 5; in the case relating to fig. 5, the vapont' density is 
again greater than in fig. 4. All the phenomena we have considel'ed 
are qnalitatively in excellent accOl'dance with VOlGT'S .theol'Y. 

The phenomena descl'ibed f01' Dl anel D, again demonstrate tItc 
existence of very chal'acteristlc dlffercnces between different spectra] 
lines, dlfferences na less stl'llnng here than in the case of the l'elated 
phenomena of the magnetic scpal'atIon of Ihe spectral Imes and of 
the l'olation of the plane of polarization in the intcl'Ïor 1) of, and 
close to, thc abSOl'ptlOJI lInc. lt is certt'Linly very interestmg that thc 
theorJ' explains the cntirely dIfferent behavioul' of Dl and D2 in thc 
case now consldel'ccl by cllfferenees between the velaClties of propa­
gatIOn of VJbratlOns nOl'mal and parallel to thc field, a'3snming, of 
course, the magnetic division of the lines. 

Physios. - "Th,; motion of elect1'ons m metallic bodier;" . 1. By 
Prof. H. A. LORENTZ. 

It has been s110wn by RIECKE-'), DRUDl~ 8) and J. J. THOl\lSON 4) 
that the conductivity of metals for cleetrlcity and heat, the thermo­
eleetl'ic cUl'l'ents, the THoilfsoN-eifect, the HA1,L-effeet and phenomena 
connected Wlth these may be explamed on the hypotheSIS tlJat a 
metal contains a very large mU1lber of ti'ee electl'ons and that these 
partieles, taking part in the heat-motion of the body, move to and 
fro with a speed dependll1g on the temperatnre. In this paper the 
problems to whieh we are led in tbeories on these subjects wIIl be 
treated in a way somewhat dIfferent from the methods that have 
been nscd by the above physicists. 

~ 1. I shall begin by assnming that the 111etal contains but one 

1) ZEEMAN, PI·OC. Acad. Amsterdam May 1902, see also the deSCrJptlOn ofanother 
phenomenon in VOIG'r, Gottinger ijachnchten, Heft 5, 1902. 

~) E. RlECKE, ZUl' Theorie des Galvanismus und der Warme, Ann. Phys. Chem. 
66 (1898), p. 353, 545. 1199; Ueber das Verhdltms der LeIlîahigkeiten der Melalle 
fUl' Wàrme und fm' Elektrizital, Ann, Phys. 2 (1900), p. 835. 

8) P. DRum:, ZUl' Elektronentheorie der Metalle, Ann. Phys. 1 (1900), p. 566; 
3 (1900), p, 369. 

') J. J. THOMSON, IndicallOns relatives à la constitution tie la matièl'e fournies 
par les recherches récentes SUl' Ie passage de l'électl'lcité à travers les gaz, Rapports 
du Congrès de physique de 1900, Par is, 3, p. 138 
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