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'rJlis cxpeeilllGnt was sla/ried OH J uly 14Lh :1908; ihe ÎncÎsions Wel'e 
l'eady anel ihe plaies were pushecl in ni 9.30 a.m. At 10 a.m. the 
leaves were alreacly dl'ooping anc! ihey l'emained so th1'oughout 
the day. 

In the course of i he fi ve tollowing days, in cool dry weaiher, the 
leaves gradually recovel'ecl. On the 7th dny of the experiment the 
foliage began 10 witl1e1' fi'om ihe iop dowmvarcls; many yellow leaves 
also appearecl in the crOWll. In all these e1ays the temperatme bad 
not 1'isen above 18° in ihe neighbolll'hood of the tree. On ihe 9th day 
the temperatnre 1'ose in ihe aftemoon io more ihan 26°, anel pl'obably 
as a resnlt of ihis the llnmber of yellow len\'es now increasecl 
rapidly. Those leaves whieh had remaineel green also began to droop 
again. The tops of the branches in the upper part of the crown 
withered completely. 

The 3 following days were Wal'lll and sunny with temperature 
maxima of 27° allel 28°. Most of the leaves now feIl oif, while i11 
t11e npper half of the Cl'own the foliage withered completely. 

Aftel' this time cooler weather sllpel'vened ancl the few l'emaining 
green leaves recovered and 1'e111ained in good condition nntil the 
autnnm. 

That the tree had IlOt snfferecl gl'eatly howevel' from the inciRions, 
was "l1ow11 in l11e following summel', for th en tlle foliage developed 
as weIl as before the experiment, anc! remained fl'esh throughonL 
the entire season. 

lVageni11gen, Dec. 13th :1909. 

Physics. - "'l'he maynetic sepa1'Cltion of absol'ption lines in connexion 
with Sun-spot spect1'a,." (I). By Prof. P. ZRElIfAN and Dl'. B. 
WINAWER. 

1. As a conseqnence of the intimaie connexion between emission 
and absorption, there exists closely cOl'responding to ihe magnetie 
separation of emissioll lines, a magnetic divisioll of absorption lines. 
The dark lines which appeal' in a continuons spectrnm, if a beam 
of white light travel'ses an absol'bing flame, are divided anel pola
l'ized under the influence of magnetic forces in exactly the same way 
as the emission lines. This cOl'l'espondence between emission and 
absol'ption was shown to exisi all'eady in some of the fil'st experi
ments Oll the subJect by 011e of the present authors. Our knowledge I 

of emission spectra lUlde!' magnetic influence has since been extended 
considembly. The experimelltal study howevel' of ihe inverse effecl, 
i. c. Lilo magncüc division of :1bsol'ption lines h:18 lcs8 advanccd. 
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Aftel' the fh'st expcl'ÏllIell ts or the [j l'&l ml,lued of' lhe au ihor& of 
lhis papel', the change of [1,bsol'ption li11e8 in a magnetic field was 
studied by KÖNIG 1) and OO'l"l'ON~); RTGIll 3) g[we [1,11 el[1,borate st.lldy 
of the snbject, to which we have to return later on. It c011tains the 
only investigatio11 of the magnetic effect in a direction inclined to 
the lines of force. Closely connected with OUl' subject are finally 
SOIne observaiions by LODGJ~ and DAVIES 4) on the illfluence of a 
magnetic field on flames, emittll1g "revérsed" lines. 

The considel'ation of the Ï1werse effect forms the basis of VOIGT'S 
magneto-optica1 theories ó); anel it is considered a1so by LORENTZ 6) 
in his investigation of the magnetic separation in a direction inclined 
to tbe line of force. 

Theory inc1icates different pointE', which may be tested by expe
riment. The inverse effect h[1,s become of supreme interest in sol ar 
physics, since HAIE'S 7) dlscovery that tbe dal'k lines ûf the sun-spot 
spectrum exhibit the characteristic phenomena of magneti(' separatiOll. 

The experiments we inLend to descl'ibe in the present communi
('[1,tion relate to the division of the sodiUlll Enes Dl and D2 • Some 
of OUl' results may alreac1y be fonnd in the work of the cited [1,uthor&. 

In order to present the subject in [1, connected form it seemed 
necessary not to exclude these. 

The ti.LctS 1l0W [1,scertained in combin[1,tion with former reslllts 
appeal' to be of some valne in exp1aining peculiarities obse1'ved in 
slln-spot spectra. Some instances will be given later on. 

2. Type fmd l'el[1,tive amounl of tne magnetic division of the 

a 

a 

Fig. 1. 

sodium emissiOLl lines, Dl [1,11d D~, [1,1'e 
ghren in Fig. 1. 

a l'epresents the observations when the 
line of sight is at right angles to the 
mag'netie field, b when it is parallel to 
the field. 

In a weak magnetic field D~ exhibits 
tbe triplet type, at l'ight angles to the 

1) KÖNIG. Ann. d. Phys. Bd. 62. 240. 1897. 
~) COTTON. Éclail'age Electrique. 5 et 26 mars. 1898. 
:l) RIGHI. Sul fenomeno di Zl!JE~IAN nel caso generale d'un raggio luminosa 

comunqne inclinato sulla direzione deUa fOl'za magnetica. Mem. di. Bologna. 
17 Dicembre 1899. 

1) LODGE aud DAVIES. Proc. R. Soc. 61 413. 1897. 
ö) \Ir. VOIGT. Magneto- und Elektrooptik. Chapter IV and the papers there ëited. 
6) H. A. LOREN'rz. These Proceedings, Vol. XII, p. 32], 1909. 
7) G. E. HALe. On the probable e!i:istence of a magnetic field in sun-spots. 

Conlt'ibulions fl'om lhe Mounl Wils on Solar Observatory Nr. 30. L908. 
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Held; Uw doublet type if tlJe light ió exa,mined pu,ntllel 10 LIJe lines 
of force. Dl seell1S 10 exhibiL a doublet in bolh pl'incipal directions. 

The FRAUNHOl!'ER lines in the spectra of sun-spots investigated by 
HAJ,E are eithel' broaclenecl, Ol' ehanged to donbIets (often incom
pletely l'esolved qual'tels), Ol' 10 triplels. The resolutions exhibited 
by sodium vaponr are lherefore lhe very types of special importance 
to astl'ophysics; this anc! also the faeility of pl'oducing sodiull1 
vapour in t!te magnetic field incltlCed us 10 COll1menee OUl" experill1ents 
with this subslanee. 

3. The explanalion of t!Je inverse effect is eaE>ily undel'stood by 
means of lhe weil 1mown law of reSOl1al1Ce. If there are in a 
flame under tlJe inl1nenee of a magnetic field Ou'ee periods of fl'ee 
vibl'ations, then we l1tay expect thai froLll incident while light vibra
lions of these very three periods will be laken away. The absol'ption 
iR a selective one, with ibis peculiarity that the selection refers not 
only to the period un l also 10 the dil'ection of vibralioll. Consiclel' 
fol' example lhe ceuL1'a1 rom ponent of a lriplet which in the cmission 
spectrum is due to vibl'ations parallel 10 the fielc\. Froll1 incidenl 
white light only vibratiolls, corl'esponding as to period as weil as to 
direction of vibration wiLh tbe middle component, are absol'bec\. 
Vibrations, perpenc\icul2.l' to the field, though of the pel'iocl of the 
unmodified line, pass unimpëc\ecl. 

On lhe contral'y white light of periods coinciding with those of 
the outer componenls is only depl'ived of its yel'tical constitnents. 

It will be clear froll1 these very simple considerations what. we 
may expect to observe with white light nnder lbe ronclitions of the 
experiment. The arrangemcml was lhe following': vVhile light of the 
incal1cIescent positive pole of all arc-lamp tJ'Uvel'ses a sodium flame, 
placeel between the poles of a DU BOIs-elcei.l'oll1agneL. This lighl is 
analysed by means of a E>ligmatic spectl'oscope with large ROWMND 
g'l'atÎIIg. The obsel'vations are made in the {il'sl order. 

If the observation is made at l'ight angles to lhe lines of force, 
we see in the continuous spectrum 4 dark cOll1ponents in the case 
of Dl> 6 dark eompol1ents in the case of J)~, as l'epl'esentecl fol' both 
lines under rt in the diagrammatical Figure 1. 

In order to observe all these componentE> the field mllst be stl'ong 
alHl the vapour density adaptecl to tlte fielU. 

The gl'OUpS of lines ihdiratecl by bare seen, if the light is examinecl 
axially. 

All these components, if narrow, are seen onl.)' diffuse anel not black. 
From the considel'alions above given the reason will be cleal' at onee; 
eaeh of thc components absorbs only halj thc incident natural light. 
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\ViLh VCl',y diluted VU.pOUl' HU abbUl'pliOll at u,ll Ol' 01l1,)' \'el',)' weak 

tl'aces of absOl'ptioll m:e seen, 

4, The intl'oduction ol' a Nicol in the beam befOl'e Ol' îtftel' the 
field enlil'ely cllt1ng:es the pheuomenon, The absol'ption lines can then 
be seen ver,)' narl'OW and black, 

Let the obsel'valion be made aL righL a,ngles Lo the horizontal 
field, then, if the Nicol is placed with its plane of vibration vel'tical 
Dl exhibits its two, D~ ÜS fom' onter components, 

Aftel' a rotation of the Nicol over 90° both Dl anc1 D2 give on]y 
the two h01'Îzontally vibl'aiing components, 

I..Jet a beam of nalmal white light travel'se axiall,)' tbe magnetizetl 
vapoUl' l'!aced be/ween the perforatcd p0!es of an electromagnet. 
Then lJy means of a quftl'Lel'-wave plate anel a Nicol we may qnench 
either the l'ight-handed Ol' tbe left-hanclecl cil'cularly polarizecl 
component. 

A combination of a qual'teJ'-wave plate anel aNicol, cOlwerting 
incident light into l'ight-handed circnlarly polal'ized light may be 
called a right-lmnded circulrt1' analyser, Tbe absol'ption line cone
sponding to a l'ight-handed cil'cl1larly polm'izeel cOl1!ponent is seen 
with both inc1'eased clearness anel e1arkness by examinil1g it \vith a 
l'ight-handecl Cil'Cll lal' analysel'. 

We introdüce here ihis simple matter because lhe1'e has been 
occasionally some confnsion on this subject. 

5. Tbe behaviollr of horizontal [Lnd vel'tical vibmtions may be 
stucliecl simultaneonsly by l1sing accorcling to thc suggestiOJl of 
CORNU anel KÖNIG a calcspal' l'homb. Dy means of it we ca,l1 
obta1.l1 two oppositely polal'izecl ima,ges of a horizontal slit of suitable 
width, placecl nea1' lhe magneliC' field. 

Right-ha,neled a,ncI left-lu"tnded circulal' vibl'ations can be sepal'ated 
on the smue plan by the inLrodllction ol' a FRESNEJ. l'homb between 
tbe cnlcspar anel tbe slit of the spectroscope. 

It is, however, of consiclembie interest 10 examine also the behaviom 
of Lhe lines in natm'al light. A sepa,rate examination aftel' the 1'e1110val 
of the polal'izel's might be made. The vapout' density o1.1ght to be 
the same in both experiments. It 8eems difticnlt to 1'ealise this, 

The cIesireci end is secm'cd more simply and smel)', anel wiih 
only half Ihe blJoul', by aelopting the wielth of the ho1'ir.onial slit anel 
the thiclmess of the calcspal' in snch a manne1' that the hvo images 
gi ven by the calcspar pal'tially ovel'la,]). W' e now obtain thl'ee stl'ipes ; 
tbo cenlml one exhibits the phenomena as seen withont polarizing 
app[\,1~atus, (Sec fig. 2). 
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Thc UppCI' alld luwcst stl'ipcs shuw tlJe illtl l\ CIIl'C 

uI' PUhll"ll'.cd light 011 t.he phellOIl1Cllon. 
The obscrvations givcn in this eOlllll1l.1nicat ion 

Ilavc been made by the descl'ibcd method. By 
Fig. " it s II S0 all partieulal"S of thc phenomenoll are 

silllllll allcously cxhibi tcd ; wc also sll('('ccded in pholographillg the 
essential point s. Exalllpics of 0 111' pl;otogl'aphs arc given on thc plates 
annexed 10 0 111' papcl', 

6. I r thc absol'ptioll \incs arc 1101 nal' I"OW Ol' ij' the magnetic field 
is weak , Ihe f'omponcnt s of a lIlaglleti('ally div ided line wi ll par tiallr . . 
ovcJ"lap. 'I'his pal'tial SUpcl'posit ioll is the èlluse of somc pal'ticll iari ties, 
espeeially Illanifest in Ihe inverse effect alld probably also apparent 
in SUil-spot spcct.l'a. 

The nalure of these parlicnlarities ma)" be lillustrated by a I'cw 
eXl1mples, \Vc wi Jl cOl1sictel' tile case of thc magnetic t rip let ano 
lhe magnet ic doublct. 

~: 

Fig. 3. 

ln Fig. 3 the CI.II'\'e8 show Ihe distribut.ion 
of intellsitj' of the thrte components of a 
triplet. if the light is examinp.u at I'ight anglcs 
to the !ines of force. If natul'aJ light travel'8CS 
a SOll r('e of light. pluccd in u lIlagnctic 'iohJ, 
t.wo bluck ballds arc secn, (~ol'l'esponding 10 
the wavclcngth , for whieh verLical as weil as 
horizon tal vi lwatiolls arc absol'bcd. 

Th ese blad .: ballds are Sll iTOll lldcd .by loss 
dark parIS, wh ieh absol'b ol1ly one of Ihe 
pl'incipal vibl'lltions, lho 01 hel' 1)I'ocecd ing 
unimrode,!. (cf. ~~ 3 [tlld 4). 

Ir ilO\\' a Nieol with i js plalle of vilwatioll vel'tieal, is introduced 
two black bands arc again secn. Thc dUl'kcst, part of' Ihese compo

nents cOl'l'esponds to the maximllm of Ihe 
'fà'I:O\ cu r ves I'claling to vcrtical vibl'at.ions. 

J / \ \ As a general rille the distanee of tlt e com-
ponents exceeds t.hal of the Iines fil'st cOllsidel'ed. 

7. Parallel 10 Ihe lines of force a pat'lial, 
not too smuII , o\'e l"lappi llg of the componenls 
prodtlees a blnck line lim ited by j,wo less dark 
pal'l s. Tltis ('ase is illust.mted diagl'ammalically 
in Fig. 4. 

The two components may be separated by 
Fig. 4. a circillal' analyscl'. . 

These considcra.tions ma)' be applied to the magnetic division in 
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sun-spoL speelL'a; as a geueL'nl wIe wc lllay expect that 1he sept1l'ation 
of lines in spot specTra becomes more dibtinct and of larger mnount 
by the use of analysers. 

The intl'oduction of a Nicol in the beam mayalso reveal lines 
invisible without analysei'. 

Severttl peculiariLies observeel in the distribution of intensity in 
spot lines, remind one of the now specified superposition phello
mena '); cf. § J 9 below. 

8. Superposition effects of nearly, though not exactly, the same 
natUl'e OCCUl' if lines with the same direction of vibration are superposed 
anel if the continnons source of light emits nnpolarised light. In the 
more comp1icated divisions the now t:ipecifiecl snperposition OCCllJ'S also. 
n is jnst P9ssible that the snperposition of the onter components of 
the sextet, type Dl' prodnces only dal'k, that of the inner alld the 
next outer components, black lines in the continuous spectrum. 

It is easily seen that also in the case of the quartet, type Dl, 
blad: lines may be produced. The dal'kest parts ma)' be seen some
what nea1'e1' 10 the middle of the complete figllre, than the outer 
components of the quartet. 

It seems unnecessary to illustrate tbis by figl1l'es. Examples of the 
specifieel actions will be given p1'esently. 

9. OUl' observations and spectl'ograms J'elate besides to the two 
principal dil'ections (pamllel anel ut rjght angles 10 the 1ines of force), 
also to directions inclined to the tielcl. 

In the present, first, commnnication, obsel'vations are discnsseel, 
relating to 5 different angles between the field and the elirection of 
pl'opagation of the beam (VOfG'l"S (j), LORENTZ'S {}). 

These values are: 90°, 00
, 600

, 45°, 360 -390
• 

The reslllts of the work l'elating to these angles have been recOl'ded 
on nearly 100 spectograms. 

10. Obse1'vations perpencliculal' to tlte field. 

In the npper of the t11ree stl'ipes which are presmli in the field of 
view (see § 5), the light vibrates vertically; in the lowest one hori
zontally, whel'eas the midclle paet rel at es to natural light. 

Under the inflnence of the magnetic field we thel'efore see the 
vertically vibrating components as narrow black lines. The q nartet 
of the Dl line, tbe sextet of the D~ line, may be seen V01'y clearly 

1) A figure equivalent to the one now given cOllcerning the influence of SUpet·

position of magnetically dividecl components was already drawn for emission lines 
in ZEEMAN. Doublets and Triplets in thc Spectrum [ll'ocluced by ex-ternal magnetic 
fOlces. Phil. Mag. July 1897 § 7. 
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by this lllethod. A &lIH\,11 dlfJllll'lmlll',c i& pl'oduced by UlC llHl'lOW 
l'evcl'secl lÏnes due io tIJe eleetrie nl'C light. The intensit,)' ofihese lines 
depends 11[1011 somewhat, va1'iabie Cil'CIll11stnnces of the nrc itself. In 
some cases these lines m'e nllllosi invisible, in oilleL' ones more prominent. 
The)' are (0 be seen on some of' Oill' l'eproclnctiolls; with om present 
subject they hnve llothing to clo. 

As rcgnl'cls tbe central sil'ipe we l'efel' io the remal'k prcviol1sly 
made, thai (be imngc of (he Bepal'[l,(ion must beeome, on account of 
the onl,)' pmtÏnl nbsorption, miheL' inelefinite anel weak, l~ 3). 

Tbe partia,l supeL'position of components gives, at least in the case 
of dilntE'cl va[Jol1l', the mosl conSpiel1011S lines. (~§ 6 nncl 7). 

In the case of the Cjunl'tet, foL' example, one sometimes sees instead 
of fom, only two componenis, situulecl between the inner and outel' ones. 

"\iVe made expel'iments witll different vapour clensities. The observed 
pbenomenn may be classified under three phases: 

1. The vnpoUl' is 'i'uy dilute. The components are clearly visible 
in the upmost anel lowest stripc. In the central siripe ibe abi:lol'ption is 
eithel' lmrell,)' perceptible (Plate I, Fig. 1) Ol' the components of the 

'l[llnl'iet nnd tbe sextet are seen as se[Ja,rate, but weak lilles. (Plale I, 
Fig. 2). 

In this phase of the phenomenon the gl'eat difference of clefiniteness 
of the central anel outel' regions is very remarkable. This contrasT 
is still more mal'ked \vith eye observation. 

In order to obtain good photographs, iL wns necessary to increase 
tbe densit,Y of the "apour nbove the onc l'eqnired for the obscrvatÏon 
of tbe ver)' iÎrst trare of abSol'plion. 

2. V npour of inte1'meclirtte clensity. 
The components iJl the nplllOst and lowesi stl'ipes al'e now no 11101'e 

separate1,)' \ isible Ol' on1,)' in the case of the Cjunl'tet. In the ceninü 
stripe a SUpe1'l)osition of the kind mentioned in ~ 6 takes place. In 
place of tbc qual'iel an apparent doublet is seeIl, tbe components of 
whieh are situated between the outer anel inner componenh; of the 
quarte!. This ease is vel'J clcal'ly representecl in Plnte I, Fig. 3. 

The phen011lella exhiLJiteel by the sextet (D 2 line) become mtbel' 
compJicated. 

The supel'position phenomenon is often vel',)' elistinct. The D! line 
011 Plate I, Fig. 3 shows suriiciently the appearance. 

3. With still dense1' \'apoUl', Ihe componcnts become ver.)' broad 
anel the magnetic change hnl'elly \'Ïsible, The polarisation of the eclges 
of the bl'oad line nw.)' he l'e('ognized. This phase is l'epl'esented in 
Plate I, Fig. 4. H conesponc1s to the etnission effect as it wns fil'&(. 
dii:lcovel'cd: n slight change of broad lincs in a wea,k field. 
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With still gl'eatel' absol'ption the inflllencc of the field UeCOIlJeS 
hu pel'ceptible. 

All these phases appeal' wit11 geeat regulal'jty. Ir the intensity of 
tbe field is known, it seems possible, the l'esolving powel· of Hw 
spectroscope being given, io c1educc the density of the vapour I from 
the nature of the obser,·ecl phenomena. 

The magnetic diYision phenomena hitherto obsel'veel in sun-spot& 
appeal' to fall uucler the secOlld anel thil"cl phases above mentionec1. 
HALE fL"Om measuremenls of spot lines, compal'ed wHh laboratol'Y 
expel'imellts, dedllces a maximum intensit.)' of the spot field of 4.500 
Gauss. Hence, one would be inclined 10 think that the densit.r in 
the layel's, whieh bl'ing about the absol'ptioll in the sun-&pot spectrum 
can onl.r be smal!. iVIol'eoycl', lhe non-uniformity of the field of 
sun-spots pl'oduces by itself a widening of the components. Light from 
a limitecl pOl'tion of the spot would give perhaps yer.r na1'l'OW spectral 
lines. In the light, however, of the C1'itiea,l 1'e11ll11'ks of KAYSER 1) 
cOllcerning OUl' lmowleclge of the influence of pl'essme and of tem
peratuee on spectra all snch consiclel"atiolls most be put forward 
with great diflidence. 

11. Obsel'IJations pamllel to the lines of force. 

In the present experiments the absorbing mpour subjectecl to mag
netic forces is placed between perforated poles. 

Aftel' putting 011 the et1l'l"ent, one sees in the continuous spectrum, 
2 dark bands in Ihe case of Dl, 4 in tbe case of D!, according to 
the diagrammatical figme 1. Thc absorption is incomplete also now, 
beca,use of some waye-lengLhs only right-hanclecl circuhtl'ly polm·izecl 
light, but not [eft-handeel is absol'beel anel the re"erse. In otdel' to 

, obser\'e the sepaeatioll and the polarization a FltESNEL rhomb is placed 
with its principal plune at all azillluth of 45° with the horizon, t1 

horizolltl1l &lit being pll1ced in one of lhe pel'foraied poles. The 
FREsNEL rhomu COlWel"ts circu[l1rly polm·ized irüo plane polm·ized 
light. By means of a calespal' rhomb aJso now three stripes are 
obtained. The fil'st phase (vel·Y dill1(e vapom) is repl'esented in Plttte 
I, fig. 5. 

Vn,pour of inLennediate clensity (second phase) exhibits (he SllpCl'
position phenomena mentioned in §§ 7 anel 8, anel c1ingranlll1atically 
illustmtecl by Fig. 2. In the central strip one line, at the posilion 
of the ulll1loc1ifiecl onc, Rlll'COllndecl b:r feebly absorbing' regions, is 

1) KA YSE~. HUlldbllCh. Kupilel V. Bel. U. 
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fJeen. Plate I, Fig. 6 shows these lines fol' the doublet tl.nd the qnartet; 
ebpeeially with D2 tbe effect is very marked. 

12. Observatians in di1:ectians inclined la tlte field. 

Aeeo1'ding to LOlmN'l'Z'S elemental'y theo1'y of magneiic division Ol1e 
generally ob serves in a direetion, whieh _ is oblique 11nde1' an angle 
1'} with the lines of force, a triplet with elliptically polarized onter 
cOll1ponents 1). 

The ellipse, which ehal'acierizes tlle state of polal'ization of the 
cOll1ponents with period 1'0 + v, is the projection on tlle wave-front 
of the circle pel'pendicular 10 the field, in which the electron witlt 
perioc1 1'0 + v is 1l10ving·. v is a sma11 quantity. 'rhe direction of 
the motion of the l110\'ing electron also cletel'mines the molion in 
the e1lipse. The ratio of the axes is as I 10 cos {}. Fot' thc other 
ol1ter componellt with pel'iocl To--v holel; mutatis mutandis tlJe same 
reasoning. 

The central line with the Ullllloclified pedod 1'0 always l'emains 
lineady polal'ized. The vibrations of the middle component aré in 
thE' plane eletel'mineel by the l'ay and the li11e of force anel the 
amplitude of the vibrations is pl'oportional to sin {). 

If we put {} = 0, i. e. in the case of the longitudinal effect, onl,)" 
circulal' lllotions remain. 

AU this applies to \'er,)' na1'l'OW spectral lines in a strong field, 
the distance of the cOlllponents being mnch grealel' than their widtll. 

Accol'elillg to V OIyT anel LonENTz we must expect some intel'esting 
particu1a1'ities if this' restriction be eli::,cnl'c1ed. VVe l'elul'l1 (0 this point 
later on. 

As a general l'ule the clecluctions 1'1'0111 1he elemental'y theory are 
vel'ified. Also in the cnse of the quaJ'tet anel the sextet the outer 
components become elliptically p01arized, as bas been obsel'vecl a.lrendy 
by RIGHI ~). 

In contracliction with the elemC'ntary theol'Y, though not strict1y 
applicable 10 the case, is the vet'y slight dimillnrioll of intellsity of 
the miclelle cOlllpollents of the quartet even fol' {} = 45°. 

13. Obsm'vations at {} = 60°. 

If the obsenation is maele with a calcspar l'homb, the image 

1) cf. Rww 1. e. 
2) RIGIII'S observutioDS 1. e. all refel' to UD uDgle of llearly 55°, lhe ullgle ut 

whieh <leeOl ding lo lhe elemental y theol'y thc lhree components of lhe triplet ure 
of equal intensity. 
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remains as with the tmnsversal effect. Yet the pl'C'3ellCC of elliptic 
polal'iza.tion ought 1,0 manifest itself by the appeamnce in the 10'vvest 
stripe of lines, cOl'l'esponeling 10 the onter components. 

With very c1ilute vapol1l' and with that of intel'mediate density as 
good a.s no trace of it is seen. 

Fig'. 7, Plate II shows the nrst phase wlth dilute vapoUl', Fig. 8 
lhe second phase wHh densel' vapaur. Only traces of absorption, 
indica.tive of elliptic polal'ization can be Reen near D2' Fig. 8. 

The ellipticiLy is, howevel', undoubtedly proved by means of the 
FRI~SNEL l'horub, plaeeel with Hs pl:incipal plane at an azimuth of 45° 
with the horizon, :B~ig. 9 shows the a.ppearance, 

The outer componenls of the qual'tet towarc1s the red Ol' towarcls 
the violet, c1epenclent upon the stl'ipe and the c1irection of the fielcl, 
are now consielembly weakenecl; in tbe case of the sextet they have 
vanished altogethel'. All this ]H'oves tile elliptical polal'ization of the 
outel' components. For, if the polal'isation were linear, as might be 
inferrec1 fJ'om observations with the calcspal' alone, then the obser
vation with calcspar anel l'homb comhilled, ol1ght to show no cliifel'ence 
bet ween the urmost anel lowest stripe. The light of all plal;e polal'ized 
components would issne cil'c111arly polm'izeel fl'ol1l the rhomb anel, 
the calcspar making no selection bet ween l'ight-haneled anel left
hanelecl polarizations, the components towards red anel towarels violet 
wouW all be alike. Sucb a contlition is disproveel by photographs 
such as Fig. 9. 

14. One point must be consiclerecl somewhat more in elelail. What 
is the l'eason that the ellipticity is not shown by the calcspar 
rhomb alone, whereas ils existence is most cleal'ly c1emonstrateel by 
means of the FUESNEL rhomb? 

J-let an elliptic yibration wilh vel'tÏCal axis b, hol'Ïzontal Hxis Cl, 

be incident u])on the l'homb, the pl'incipal plane of which is at an 
azimuth of 45°. 

It is easily proved that the elliptic vibration issuing from the 
FlmsNl~L l'homb has its axes in the same elil'ection as Ihe original 

al u-a a 
1l10tion anel a ratio of the axes - = --, the original ratio being - . 

bl b+a b 
If Cl be smaJl in relation to b (an elongatecl ellipse), then, the light 

issues from the FRESNEL as a mOl'e cirClllal' vibl'ation, which is more 
easily analysecl. 

a 
11 c1epencls upon the magnitude of a, whethel' - is !)1'eatel' Ol' less thall 

b 
b-a 

b+a 
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.: .:.We ·,c1isl.ingllish· the: follówing cases: 
. . ... . .b....:.a a 

1. a very small, t11eu -->-. 
. , b+a b 

\ , 

., . b-a (t 

2. et 0,414 ó then --=-
, b+a b 

I 

:3. 0,414 :ó, thèn 
b-a a 

a > -<-. 
b+ct b 

Vip. shal) , apply n;ese l'csnlts io the intcl'pl'ctatiçm ()f OUL: olJsel'V~tiOllS . 
. r\YQ !,ases, ',dependel~t ,npon tfte magnitude or: ct ',[I,['~ ,ot; pl'incipn.,l 

impol'tance. ' '. ~ 

. In tbe fil'sL case we eau obsel've the effect of both the axes of the ellipse 
by means of the combinatioll or the FRESNEIJ l'homb anc1 the calcspal' 
(this is the case of the qWt1'tet) (Dl Fig. 9), whel'eas withont FRESNETJ 

,rhomb 110 effect of the smal! axis is vi§iblc .. ~D-. Lhe Geco.nel ca.se. the 
... e!ï~ct of Llle sma11 ~x,is b~COll1eS apPij.l'e~1t by t.he u~~ .of (he,.ca1c
.~pal', !vh,el:eas its exi~tence cannot be demonstl'at~cl wiHI the rR~SNB~J, 

b-a . , 
the' valne of -b- being 100 smal!. This Céls~ i,~ '1'ep7'~liente'd by the +a 

,se/etet, (D2 , Fig. 9). 
lf the observaiion is made by means of the ca1cspal' rhomb, we 

incleed see with dense vapour new components in the 10west stripe 
(see l~ig. 8, P~). 'fhe theoretical import of this reslllt will b:e cliscnssell 
on anothel" occasion. ' 

Af ter . intL'oc1uction of, the FUESNETJ l'bomb. the comp,oneJll to: the 
,I~ft . of the ceniL'al line (small axis of ilie ellipsy) 1'e11)ains. invisible. 

Wig 9, D2' inferi~L' stripe). . ' .. , 
Rence wo may conclude that at the angle n~w investigatod t~le 

a 
elliptieity of the outer components of the se,utet (the ratio ,) exceecls 

that of the quartet (anel is also larget' (\mn 0,414) . 

. . 15. ObseJ'vations a.t, -& = 45°. 

, ~... ~ . ',. , .. 
~ The photographs take~l witlt the calcspar' ~lo~le, stio~v very elead)T 

the . ellipticHy . or the outer components.· ' , 
. 'Vith vapol1l' of intel'mediaie density the pherlomenon is· alt·ead.)~ 
veLJ l11arkecl, especially in the case of D~ (Plate 11, Fig. 10). Veri 
l'el11arlmbl~, is the· slight diminution of intensity of the inner com
rlon'enis of Üie è1uai'tet.: AécoL'ding Lo the 01eu1entu;1''y ·!lleor.)' the inten.
sity ~f ,t!1O centI:al compOl~ent of a triplet ollght lO lIave dimÎl)lshed 
a11'eàcl'y io ,le~s Hmn half t11C ol'iginal yalue. . '" 
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16. If t1 ~ht]<]SNM, l'homb combinecl wilh a. ca.lcsp1.1.I' rhomb is illtro· 
clncecl in Ihe beam, one of tbe compollenLti of Ibe qUi.ü·lel <1\::'U elltil'ely 
cl is1.1.ppeal's , At all angle of 60° tbis was ollly the case with the 
sextet. (Plate 11, Fig. 11), 

17. Obsel'vrttions at {) = 39°. 

The elliptic polal'isation testecl by means of tbe ca~cspar l'homb is 
very ma,l'kecl, even with clilute \'apoll1' (Plate Il, Fig.12, Plate nI, Fig:13). 

The inner componenls of tbe qual'tet are flOW c1ecideclly less intense 
than the onter ones. 

Plate UI, Fig. 13 flspecia.lly shaWl:> tlle smaller illtensily of the 
eomponents of Dl In tbe 10west stripe. Incleed, they are unmistakably 
thinner than those in Ih~ upmost stripe. -

18. Accol'cling as the a.ngle bet woen the ray anel the lines of force 
is dimillisheu, the intensity of the fielcl must diminish a.t the same 
time. In order Lo make it possible fol' the rays to iL'avel'se the field 
under smaller a.ngles the verlex semia.ngle of the cones must devinte 
more and more from tlle theoL'elical optimum of nearly 55°. 

Tbe decrea.se of the magnetic sepa.ratioJl is clea.dy shown in 0111' 

photographs. 
'V'Ve intend to communiC'a.te on another occ1.1.sion experiments undel' 

smallel' a.ngles {} a.ncl 10 enter upon some cleta.ils concerning the case 
in which the ('ompollents of the leiplet a.re not neatly sepat'atee!. 
Some measUl'elllcnls of the ellipticity of lhe, components will also he 
given. 011 the present occasion we ouly inlendec1 to give a. general 
Sl1l'vey of the inverse effect, illuslmtillg it b.)' some particular cases. 

, 
19. 'l~/pe8 of sepa1'Cltwn in spot mul 'aborato1'!J' 

111 one clirection ~\re slmll now enter upon some lllore details. Tlle 
maguetic sepat'ation of lines in a non-aniform field has been treatecl 
on a former occa.sion. 1

) The l'esults then obtainecl anel Oul' present 
observa.tions ma.y be of some interest in connection with cel'ta.in 
phenomena obsel'vecl bJ' HALI~. We inLenc1 to l'etmn to this snbject. 
Pl'esently it seems illteresting to allude to Ml'l'OIlELL'S c1escriptiollS of 
the variolls Iypés of spOL lines a.s indica.tecl in the dia.gmm publisheel 
in the Tl'tlnsa.ctions of the 1nterna.tional Solal' U nion ~). 

0Ul' Fig. 14" PlaLe III bas been copied fl'om lhis SOl11'ce. Tlle 
type::; 5, 6, 7, a.nd 10 of the Figmc a.l'e vel',)' chamcleri~tic. 'rype 9 
perhaps t'a.lls uncler the type of lines invisible without Nicol mentioned 

1) ZEEMAN. These Proceedillgs, April 1906, November 1907. 
2) Tl'allSacLÏons lnLel'11. Union Sol at· Research, p. 199 etc. 1908. 

40 
Proceedings Royal Acad. Amsterdam. Vol. Xli, 
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§ 7 abovo. In Fig. 15 al'e l'epl'osenLed flOlllO sopaL't"ttions ob&orvecl in 
the lauol'ntory without Nicol Ol' otlleL' analyzeJ', 5', 6', 7' have boeIl 
jaken in nOll-Unifol'l11 fielcls. 5' is tbe quartet of Dl obsel'ved acl'oss 
the field; 6' the sextet of D 2 observed axially in a non-uniform, 
in t11e centra] part very strong, field; 7' a]so refel's LO D~ in a 
wea,ker Held, t]Je observation being made across the lines of force, 
The type 10' refel's ta tbe D~ line, wl~en observed in a c1il'edioll 
parallel to the field, The field is uniform, The sepal'ation gi\'es an 
example of the sllperposiiion phellomenon mentioned in § 7. 

The analogy of the type 10', Fig. 15 alld tbe type of the "wiuged 
line" seems very l'emal'kable. Of COlll'se observation ui' the state of 
polarization would be necessary in order to prove the annlogy. 

EXPLANATION OF PLATES I-lIL 

The figures 1-13 are about thirteënfold enlargements of the images given by 
the gl'ating of the absorption lines Dl and D2 in a magnetic field. 

The npmosl and lowest of the th1'oe stripcs' of these figures relalc lo (oppositely) 
pola1'ized light; in the cenlral part lhe phenomenon is l'epresented as it is sccn 
in natural light. 
PLATI: 1. 1, 2, 3, 4, observalions .L lmes of force with different vapour density. 

5, 6, observalion / / lines of force with different vapolll' c1ensîty. 
PLAn: Il. 7, 8, observation at S- = 60° calcspar rhomb alone. 

9, :J = 60:>, calcspar combine cl with FREsNEL rhomb. I 

10, 11, S- = 4.5°. 
12, S- = 39°. 

PLA'l'C III. 13, S- = 39". 
14, Types of sun·spot lines (aclopled from l\IITCHELL). 

15, 5', 6' 7', separations in non-uniform laboratol'Y fielcls. 10' super
position phenomenon § 7. 

Physics. - "Tlw t/wrJnomaynetic pl'opel'ties vf ele71wnts." By Peof. 
H. E. J. G. DU BOlS and Prof. Kö'rARö HO:KDA. (Cornmunicatiol1 
from the Bosscha-Laborntol'Y). 

(C:ommllnicalcll in lhe mceting of Janual'y 29, 1910.) 

In J895 Cumg 1
), thougb he had iuvostigatecll'elalively few E,ubslanccs, 

believed that be coule! fOl'lllulate his lesl.llts in the following l'llIes: 
1. ]:1"'01' pal'amagnetic tmuslances tlle specific susceptibility is in-

versel,)' Pl'opol'tional 10 tbe absoluto lemperntl1l'o. ' 
2. Por diamagnetic E,lluslnnces, on t.hc contl'at'y, the sLlsceptibility 

is nlmost. i nclcpenclenl of tcm pcratul'e. 
3. FOL' (he latter elnss of sllbslanccs, elmnges of physiC'al slnlc 

gencl'ally have hat'c\ly nny inflnence. 

J) P. Cum!;, A11n dc Chim. rl dC' Phys. (7) 5 p. 28U.189:>, - OCll\'l'CS p.282 
Pat'is 1908. 


