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lt is remarkable that the liquid-curve in fig. 5 sbould differ so 
HttJe from the straight line. 80 it seems that for these mixtures 
at the cbosen temperature the vapour-pressure of the liquid-phase 
may be repreE>ented with near approximation by: 

in whieh P l and P2 represent the vapollr-pressures of the compo
nents. lf we compare tbis witb tbe formula giv(ln by VAN DER W.A.ALS 1), 
it appears that the exponents in the latter dlffer little from zero. 

Physics. - "Considemtions concerning the Infiuence of a Magnetic 
Field on the Radiation of Light." By Prof. H. A. LORENTZ. 

§ 1. The assumption that every molecule of a Bource oflight contains 
a single movabJe ion, whieh cau be displaced in all directions fl'om 
its position of equilibrium and is always driven back to that position 
by the same force, proportional to the displacement, leads to tbe 
elementary thcory of the phenomenon diseovered by Dr. ZEEMAN. 

Viewed across thc lines of force, a single spectral line must, by the 
action of the field, be tripled, and viewed along tbe lines of force, 
be doubIed; besides, the components of thc triplets and doublets 
must be polarised in a weIl known manner. 

Whilst the first observations of ZEE:àl.A.N wcre consistent with this 
theory, and he soon could confirm the theoretical predictioIlS by the 
observation of distinct triplets and doublets, yet it has become ap
parent that tbe case is of ten less simpIe. CORNU proved, that f. i. 
jn the case of one of the sodium lines, viewer] across the lines of 
force, the central component of the triplet is doubled, so tbat in 
reality a quadruplet is seen. MWHELSON and rrh. PRESTON obi:!erved in 
many cases not only a far more complicated stl'ucture of the rentral 
component, but a similar structure of tbe outer components of the 
triplet. According to these obsel'vations, the word "tri pIef' is 
hQ.rdJy applicable, though there is always an imporrant diffel'cnce 
between the central part of tbe appearance in the spectrum (the two 
central lines, f. i. of CORNU'S quadruplet) aDd the outer parts; the 
first is plane polarised, the plane of polarisation being perpondicular 
to the lines of force, whereas in the right and left part the plane 
of polarization is parallel to the lines of force. 

§ 2. Tbe facts mentioned evidently make it necessary to replace 

I) Y. D, WA\ts, Verslag Kon Aknd May 28 '91 p. 4L&, 
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the elementary theory by a mOle complete one. Some time ago, I 
examined 1) therefo.re what phenomena are to be expected, if a mole
cule, having an al'britary number of deg-rees of freedom and arbri
tarily distributed electric charges, is oscillating about a position of 
equilibrium. 

Before returning to this subject, I will cOllsider the conclusions 
which may be obtained by al'guments from symmetry, without ente
rmg into the details of the mecbanism of l'adiation. 

There can be no doubt, that we may consider the source of light 
as a system of exl.remely small particles, oscillating partIy with tbe 
frequency of the light vibr ations i in virtue of tbeir electric rharges 1 

these particles must excite in the surrounding aether pel'iodically 
oscillatwg dielectric displacpments. These constitute the luminous 
motion radiated by the souree. 

For briefness' sake this entire system will be indicated by S. 
We may now conceive a second system S', which is the image of 

S, relatively to a fixed plane P. The meaning of thi::l is as fo11ows. 
If A is a particle in S, there is in S' a pal'ticle A', which is 

tbo image of A and of the same physical nature as this particIe. 
Especially, the maES and the electric charge are the same; or, to speak 
more accurately, in corresponding points of A and A' the same 
matet'ial density and the same density of electric charge will be 
found. Moreover the particles A' wiU be at every moment the image 
of tbe particles A, or, us we may say, the motion of the ions in 
S' wiJl be the image of the motion in S. If th is is the case, the 
Iuminous motion in the aether in S' will likewise be the image of 
the motion in S, in this sense that tbe vector representing the die
lectric displacement in S' is always the image of a corresponding 
vector in S. 

Of course all this will only be possible, if the forces operating 
on the particles A' are tbc images of tbose to whieb the particles 
A are subjected. So far as the mutual action of the pal'ticles is 
conccrned, we may regard this as a consequence of the supposed 
eql1ality in physical nature. In order that the forces, originated by 
the extel'nal magnetic field, may satisfy the same condition, we wiU 
suppose that the vcctorö, representing the magnetic force in S', may be 
derived from the cOl'reóponding ones in S by fil'st taking their ima
ges, and thell revcrsing the dil'ections of these images 2). 

1) Wied. Ann. Bd. 68, p. 278, 1897. 
2) If the mngnetic field is genernted byelectric curl'euts, we mny imagiue the 

reql1hed field iu S' to be produced by CUllents, which lire the images of the curreuts iu S. 
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It will also be assumed that the propertjes of the image {of the 
souree of light, as far at least as we are eoncerned with them in 
really observable phenomena, are the same as those of the souree 
itself, so that the Jatter may be substituted for the image. Finally, 
we suppose that the entire luminous motion in the aether is developed 
by means of FOURIER'S theorem into simple harmonie motions j when 
the totalluminous motions in S ano. S' are eaeh other's images, 
the same will evidently be truc of those parts of the luminous 

\ motions, whieh have a determinate period T - or rather periods 
between two definite limits 7.' Blld T + d T. 

§ 3. Let Q be a straight line, drawn from aoy point in tbe souree 
of light parallel to the lines of force, and let L denote the luminous 
motion with a definite period T, existing at a distant point of Q. 
By taking the image of the whole system, relatively to a plane 
parallel to the line Q, it is easily seen that the image L' i!:l exaetly 
tbe luminous motion, that would exist in the point considered, if, 
the source of light remaining' unchanged, the direction of the field 
were reversed. Rence L' may very well differ from L, but, in all 
observable properties, L' must remain unehangeo., if the reflecting 
plane be turned around the line Q as axis. -

Whence it fonows, that, if all vibrations of L are reso!ved parallel 
to a line R, perpendieular to Q, the intensity produeed by the eom
ponents must be independent of the dIrection of R. Jndeed, Rl and 
R2, being two lincs perpelldicular to Q, and Irl and Ir2 the inten
sities eorrespoDding to tbem in the maDner indicated, we may give 
to the refleeting plane two positions PI and P2, in such a way 
that the image of Rl, relatively to Pl, CoiDcides with that of Rs! 
relatively to P2,' Indicating by R' the direction of these coinciding 
images and by J'r' tbe intensity corresponding to this direction of 
vibration in L'- this quantity remaining the same, as was remarked 
abovl:', for every position of the reflecting plane - we may write 
Irl = l'r' and I r2 = l'r'; hence Irl = 11'2' 

In this way we come to the Clonclusion tbat the light propagated 
along the lines of force, and haying a definite period T, or, in other 
words, oceupying a definite place in the spectrum, cannot be polarised 
plane or elliptically, neither eompletely, nor partially. It can oDly 
be unpolarised, or eircularly polarised; in the latter catje the pola
rization can be partial as wen as eom plete. 

The light would be unpolarised, if an influence of the magnetic 
field did not exist at all. As far as we know, the components of the 
doublets seen a]ong the lines of force are completely circularly pola-
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rised. From the above con&idel'ations it however app€'ars that the 
radiation might also be partially circularly polarised. We see at 
the same time th at, if in a given pI ace of the spectrum the polari· 
zation is righthanded, it must become lefthanded at the same place 
by reversing the magnetization. 

§ 4. Arguments of the same kind may be used whell the ob
servations take place across the lines of force. Now, we place the 
reflecting plane perpendicular to these lines. The magnetic 
field remains unchanged; consequently, the luminous motion must 
have the same properties as its image. Rence the light, observed 
in a given place of the spectrum, cannot be circularly nor ellipti
cally polarised - neither completely nor partially. It must be either 
unpolarised light, or plane polarised - wholly or in part - the 
plane of polarizatioll being parallel or perpendicular to the lines 
of force. 

It needs scarcely be mentioned, that all observations are in agree
ment with this conclusion. 

§ 5. A closer examination of the mechanism of radiation gives 
us arelation between th€' light radiated along and the one radiated 
across the lines of fOl'ce. At least one conclusion concerning this 
point lies at hand. 

Let M be a single molecule ot the source of light, and let three 
rectangular axes OX, OY, OZ be drawn, the first alollg the line 
(lf force. Let e be the emctrie charge in a point of the molecule, 
hllving thc coordinates x, y, z; then we may caU ~ e x, ~ e y, 
:E ez - calculated for the entire molecule - the components of 
the electric moment of the particle. 

These quantities are continually changing, and will pel'haps be 
extremely compÎicated functions of the time. By means of FOURIER'S 

theorem, we lJIay however separate the parts that have a deter
ruinate peri ad T. We will confine ourselves to these parts and 
denote them by ro~$, 'JRlf, 'JRz. 

If IlOW the dimensions of the molecule are very small compal'ed 
with the wave.length, then, the observer being supposed at a distance 
of a great many wave-lengths, it may be deduced from theory, that 
in all points of 0 Y, light is produced merely by the variations of 
Wl.l' and 'JRz, 9J?,j) prodncing vihrations along, and 'JRz across the lines 
of force. Similarly for points of OX and OZ. 

Suppose, that, when viewing across the lines of force, f. i. from 
a point of 0 Y, i n a gi ven place of the spectrum light is seeu 



- 6 -

( 94 ) 

which is entirely plano polarised, the plane of polal'Îzation being 
perpendicular to the lines of force. 

Then, at the place in question, there will not be any luminous 
motion produced by ro?z, and, becanse tht> molecules are vibrating 
innependently of eaeh other and hence light emitted by one can 
never be totally destroyed by that originating from another, ro?z must 
vanish in all molecules. Of course the same argument applies to <;J-ny; 
hence it follows, that no light can be observen from any point of 
OX, that is to say in the direction of the lines of force. 

BECQUEREL and DESI.A.NDREi:! have found 1) th at one of the iron 
lines, wh en viewed across the lines of force, becomes a triplet, the 
ceutral and side components of which, as compared with tllOse of 
the ordinary triplets, have interchanged their states of polarization 2). 
The foregoing reasoning entitles us to pl'edict, that oiily the middle 
component of this triplet will be visible, wh en the phenomenon is 
observed in the direction of the lines of force. 

§ 6. In the paper cited above, I have established the equatlOns of 
motion for infinitely small vibrations of a molecule, ha,ving n degrees 
of freedom, and placed in a magnetic field. I called PI' P2, ••• pn 
the general coordinates, chosen in mch a man nel', that they are 
o in the position of equilibrium, and that they are principal coor
dinates as long as there is no external magnetic force. I obtained 
for the equations of motion 

etc., 

al P; + bI PI - (CUP2 + C13PS + 
a2 p~ + b2Pfl - (C2.1Pl + C2.3PS + 

where a and bare constanls, independent of the maglletic force. 
The influence of the field is expressed by means of the terms con
taining the quantities c, which are all proportional to the intensity 
of the field. 

They further satisfy the relations 

Cr.s = - Cs•r • • • • • • • • (2) 

To det.ermine the possible periods of vibration, we put, according 
to a known method, in (1): 

I) Comptell ren dus. 4 avril 1898. 
2) 'rhe same phenomenon has been observed in the case of some iron-lines by 

AMES, EA.RIIA.RT and REESE, Johns Hopkins Univ. Oircular. Vol. 17. No. 135. 
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PI = PI elt 1 P2 = 112 elt , • • • Pil = Uil elt 
1 

and eliminaie ftl' P21 • • • ftll' If 

and 

Cr.s 
- =-671.$1 
ar 

the result may be put into the form 

6n.1 i, 8n.2 l, 8n.3 l, 

= 0 .' (3) 

In consequence of the relation (2), thc development of the deter
mimmt will eontain only even powel's of l2. Hence an equation is 
obtained, of the nth degree in l2. Erom the eircumstanees of the 
case it foll~ws, that the roots of th is equation are all real and nega
tive; henee n pairs of imaginary values of l are obtained. If + i le'r 
and - i k'r are two of those values, there will be a mode of vibra
tion with tbe frequency (number of vibrations in the time 2 n) k'r' 

Evidelltly, without the field, the frequencies wouid become 

and it is clear that, if there is a magnetic field, eaeh of these 
frequeneies is modified into a value k'r, differing very slightly from kro 

In the eitcd paper I had restricted the development of (3) to 
terms containing the produets (Jf two factors e. Deuoting by n thc 
product 

and by 11r.8 the value, got from this by omitting thc factors l2 + ,V 
and l~ + ks2, we outain 

IJ - ~ l2 er.s es.r IIr.8 = 0, • • • • • • (4) 
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where the sum is to be extended to all combinations pf unequal 
indices I' and .',. 

I inferred from this equation, that a triplet ean only be observed, 
if three of the values k are equal, or, in otber words, if the systcm 
bas three equivalent degrees of freedom. Tbis will also be elear 
when it is eonsidered, that by a continuous deerea8e of the magnetie 
field, the three eomponents of the triplet may be made to eoineide, 
so that the simple spectral line, as sceu out of the field, may be 
cODsidered aA eODsisting of three coineiding lines . .A.pplying thc same 
argument to CORNU'S quadruplet, it seems natura! to suppose that the 
Iines, whieh are apt to undergo this modifieation, consist already, 
under ordinary eireumstances, of four coineidin~ç lines, or otherwise, 
that now we have four equivalent degrees of freedom, or four equal 
values k. 

Yet, the origin of aquadruplet eannot be eXplained by equation (4). 
Indeed, if kl , k2 ! ka, k4 are the frequeneies having the same value k, 
there are in eaeh term of (4) at least two factors -l2 + k2• HencE, 
the equatioll must still have two equal roots - k2, and besi~s only 
two roots, differing very little from _~k2. 

§ 7. It was however brought to the notiee of the autho~ by 
Mr. A. PANNEKOEK that in tb is case equation (4) is incomplete, 
beeause some of the terms negleeted are of the same order of mag
nitude as those retained, and that, by returning to equation (3), an 
explanation of the quadruplet m9,y be arrived at. 

H kl
2 = k,l = kl' = k42 = k2, certainly four roots of equation (3), 

if not = - k\ will differ only very IittJe from this value. 
Jf l2 is one of these values (we need not oeeupy oursel\'es with 

the other va lues of l2), then the four quantities l2 + lel', l~ + le2
2

, 

Z2 + kS2, l2 + k42 will be smalI. On the other hand, the quantities 

will bave values, which by no means beeome smal], Since all the 
quantitips el arp, likewise smalI, the elements (5) of the determinant 
wiU exceed Ly far all other elements, and we shall obtain a suffi.
eient approximation, when we take in the development of the 
determinant only those terms, whieh eontain all the quantities (5). 
Evidently, tbe equation serving for the determination of the values 
of 12, whieh differ only slightly from - k2, will therefore be 
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l2 + k2, 81.2 l, 8ul, 81.4& 

8U i, l2 + k2, 82.sl, 82.41 
=0. 

8s.1 1, 83.2 l , l2 + k2 88.4 1 

8U l, 84.2l, 84.81, l2 + k2 

If we develop this determinant, all terms, which have an odd 
number of factors er•s l, are excluded by (2). Rence the equation 
may be written 

(l2 + k2)4 + A (ll + k2)51 + B = 0,. • • • • (6) 

where A contains teJ'ms with 2 factors er•s l, and IJ terms with 4 
factors of this kind. In all these factors l2 may be replaced by 
- k2• CJnsequently, A and B can be found, and A is now prop or
tional to the square and B proportional to the fourth power of the 
intensity of tbe field. . 

From (6) we get two values of (l2 + k2yz, which are both real and 
positive, because, as was already remarked, real values must be 
found for l2. Rence the solution of (6) may be represented by 

and 

where a and {j are known, say positive, quantities. By reason of 
what has heen remarked about A and B, the vaIues of ex and (1 
wiJl be p1'oportional to the intensity of the field. 

Finally from (7) and (8) the following (our values of l2 are 
obtained: 

l2 = _ k2 + a, - k2 - a, - k2 + p, - k2 - p, 

so that in faet there must be seen a quadruplet in the spectrum. In 
order th at the four lines of this quadruplet may be perfectly sharp, 
it is ho wever necessary, that in a given magnetic field the quantities 
a and (J are independent of tbe dilection into which the molecule 
is. turned, or, what comes to the same thing, that, for a given po
sition of thc molecule, ex and (J are independent of the direction of 
the magnetic forre. 

Mr. P .A.NNEKOEK has l1\so remarked, that a similar reasoning ap
plies when an arbitra;ry number, e. g. p, frequencies k are equa!. 
In this case we co me to the conclusion that, for a given position of the 
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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 


