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of mammals even with a very strong precipitin-sel'um, which was 
obtained with and against an arbitrary mammifer-albumen ("mamma
lian reaction"). HAUSER 1) comes to a similar resu1t; only quantitative 
differences remain. . 

Also with relation to the amboceptor such a diminution of the 
specific action seems to me sufficiently weIl pointed out. 

Physics. - "Arbitrm'y dist1,ibution of light in dispersion bancls,_and 
its bea1'ing on spect1'osCOpy ancl ast1'ophysics." By Prof. W. H. 
JULIUS. 

In experimental spectroscopy as weU as in the application of its 
results to astrophysical problems, it is customal'y to draw conclll
sions from the appearance and behaviour of spect.ral lines, as to the 
temperature, density and motion cf gases in or near the souree of 
light. 

These conclusions must in many cases be entirely wrong, if the 
origin of the dark lines is exclusively sought in absorption and that 
of the bright 011es exclusively in selertive emissio11, without taldng 
into account the fact that the distribution of light in the spectrum 
is also dependent on the anomalous dispersion of the rays in the 
absorbing medium. 

It is not in exceptional cases only that this inflnence makes itself 
felt. Of the vapours of many metals it is already known that they 
bring about anomalous d!spersion with those kinds of light that 
belong to the neighbourhood of several of their absorption lines ~). In 
all these cases the appearance of the absorption lines must to a greater 
or less extent be modified by the above mentioned influence, since the 
mass of vapour, traversed by the light, is never quite homogeneous. 

Hence it is necessary, separately to investigate the effect of dis
persion on spectral lines; we must try to separate it entil'ely from 
the phenomena of pure emission and absorption. 

A first attempt in this direction were the formerly descl'ibed 
experiments with a long sodium flame 3), in which a beam of white 

1) Münch. Med. Wochenschrift, 1904, nO 7, S. 289. 
2) Aftel' WOOD, LUM~IER and PRINGSHEI!Il, EBERT, especially PUCCIANTI has inves

tigated the anomalous dis pers ion of various metallic vapours. In Nuovo Cimento. 
Serie V, Vol. IX, p. 303 (1905) PUCCIANTI describes over a hundl'ed lines: showing 
the phenomenon. 

3) W. H. JULJUS, "Dispersion bands in absorption spectra." Proc. Roy. Acad. 
Amst. VII, p. 134-140 (1904). 
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light alternately travelled along different paths through that flame. 
WJth these relative displacements of beam and flame the rays of th.e 
anomalously dispersed light were much more bent, on account of the 
uneven distribution of the sodium vapour, than the other rays of the 
spectrum; absorption and emission changed relatively little. The 
result was, that the distribntion of the light in the neighbourhood of 
Dl and D, could be made very strongly ltsymmetrical, which could 
easily be explained in all details as the l'esult of curvature of the 
mys. The existence of "dispersion bands" was thus proved beyond 
doubt. 

But the pure effect of emission and absorption was not absolutely 
constant in these experiments and concerning the density of the sodium 
vapour in the _ different parts of the flame only conjectUl'es could be 
made. Moreover, the whirling ascent of the hot gases caused all rays, 
also those which suffered no anomalous dispersion, sensibly to deviate 
from the straight line, so that the phenomena were too eomplicate 
and variabie to show the effect of dispel'sion strictly separated from 
that of emission and absorption. 

So our object was to obtain a mass of vapour as homogeueous as 
possible and, besides, au arrangement that would allow us to bring 
about arbitrarily, in this vapour, local differences of density in such 
a man nel', that the average density was not materially altered. The 
absorbing power might then be regarded as constant. At the same 
time it would be desirabIe to investigate the vapollr at a relatively 
low temperature, so that its emission spectrum had not to be 
reckoned with. 

In a series of fine investigations on the refractive power and the 
fluorescence of sodium vapour R. W. WOOD 1) caused the vapour to 
be developed in an electrically heated vacuum tube. It appeared 
possible, by adjusting the current, to keep the density of the vapour 
very constant. A vailing myself of this experience I made the following 
arrangement for the investigation of dispersion bands. 

Apparatus. 

NNI (see fig. 1) is a nickel tube of 60 centimetres length, 5.5 ems. 
diameter and 0,07 cm. thickness. lts middle part, having a leng th 
of 30 ems., is placed inside an electrical furnace of BERAEUS (pattern 
E 3). Over its extremities covers are placed, the edges of which fit 
into circulal' rims, soldered to the tube, and whieh consequently 

1) R W. WOOD, Phil. Mag. [6], 3, p. 128; 6, p. 362. 
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shut air-tight when the rims are filled with cement. When the 
furnace is in action a steady current of water, passing through the 
two mantles Mand M', keeps the ends of the tube cool. Each of 
the two caps has a rectangular plate glass wind ow and also, on both 
sides of this, openings a and b (b' and a'), placed diametrically 
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Fig. 1. 

opposite to each other alld provided ~ with short brass tubes, the 
, .!llI 

purpose of which will appeal' presently. :;VIOl'eover in one of the two 

Fig. 2. 

caps (see also fig, 2) two other short 
tubes c ~and cl are fastened in openings: 
thl'ough ·~c=.the porcelain tube of aLE 
CHATEJ.lER ~ pyrometer is fitted air-tight, 
while on d a glass cock with mercury 
loek is eeI!lented, leading to a mano
meter and a Geryk air-pump. As soon 
as the sodium (a carefully cleaned' 
piece of about 7 grammes) had been 
pushed to the middle of the tube in 
a small nickel disn pl'ovided with elas
tic rings, the tube had been immedi
ately closed and ex.hausterl. 

We shaH now deseribe the arrangement by which inside the mass 
of vapour arbitrary inequalities in the density distribution were pro
duced. It consists of two ukkel tubes A and B of 0,5 cm. diameter, 
leading from a to a' and from b to b' and so bent that in the heated 
middle part of the wide tube they run parallel over a length of 30 
centimetres at a distanee of on]y 0.8 cms. In the four openings of 
the caps, A and Bare fastened air-tight by means of rubber packing, 
This kind of connection leaves same play so that by tempel'ature 
diffel'ences between the wide and the nal'row tubes these latter need 
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not alter their s11ape tbrough tensiOll. At the same' time' the ruhber 
, insulates A and B electrically from NN'. The four ends of the 

narrow tubes which stick out are keptcool by mantles with streaming 
water (these are not represeuted in the figure). 

If now an electric CUl'l'ent is passed througb A or B, the tempera
ture of this tube rises a little above that of its surroundings; if? au 
àir-current is passed through it, the temperature faUs a little below _ 
that of' its surroundings. The intensities of the currents and, con se
quentJy, the differences of temperature can in ejther case be easily 
regulated and kept constant for a long time. 

JJ Fig 3 gives a sketch of the whole arrangement. 
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of the work 

The light of the positive carbon L is concentrated by 
u the lens E on a screen Q, having a slit-shaped aper-

ture of adjustable breadth. The lens F forms in t11e 
plane of the slit S of the spectrograph a sharp image 
of tIie diaphragm P. The optical axis of the two lenses 
passes through the middle of the tube containing the 
sodinrn vapour, exaetly between the two srnall tubes 
A and B. 

If now the opening in the diaphragm P has th13 
shape of a vertical nal'row slit and if its image falls 
exactly on the slit of the spectograph, then in this latter 
the continuous spectrum of the arc-light appears 'Yith 
great brightness. If the tube NN' is not beated, Dl 
and D 2 are seen as extremely fine dark lines, attri
bllted to absorption by the sodillm, whieh is always 
present in the neighboul'hood_ of the carbons. In,order 
that this phenomenon might al ways be present in the 
field of view of the spectograph as a compal'ison 
spectrum, also when the tube is heated, a small totally 
refleéting prism was placed before part of the slit S, 
to which part of the principal beam of light was led 
by a simple eombinátion of lenses and minors without 
passing the electric furnace. 80 on each photograph that 
was taken the unmodified spectrum of the source is 
also seen. 

Tbe. spectral arrangement used consists of a plane 
diffraction grating 10 ems. diameter (rnled surface 8 
by 5 ems.) with 14436 lines to the inch, and two sil
vel'ed mirrors of ZEISS; the collimator minor has a 
focal distance of 150 ems., the other of 250 ems. Most, 

was do ne in the second spectl'uQl. 
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When heating the sodium for the first time a pretty Jarge quan· 
tity of gas escaped from it (according to WOOD hydrogen), which of 
course was pumped oft'. Aftel' the apparatus had functionated a 
couple of times, the tension within the tnbe remained for weeks 

'" less than 1 mmo of mereury, a1so during the heating, whieh, in the 
experiments rlescribed in th is paper, nevel' went beyond 450°. Th.e 
inner wall of NN' and also the small tubes A and B are aftel' a 
short time eovel'ed with a Jayer qf eondensed sodiulll, which favoûrs 
the homogeneous development of the vapour in subsequent heatings. 
It is remarkable that searcely any sodium condenses on the parts of 
the tube that 'stick out of th~ fUl'naee, so that also the windows 
remain perfectly clear. The density of saturated sodium vapour at 
temperatures between 368° and 4200 has heen experimentally deter· 
mined by JEW~TT 1). He gives the following tabie. - . 

tem perature density 

3680 0.00000009 

373 0.00000020 

376 0.00000035 

380 0.00000043 

385 0.00000103 

387 0.00000135 

390 0.00000160 

205 0.00000270 

400 0.00000350 

406 0.00000480 

408 0.000C0543 

412 0.00000590 

418 0.000007'14 

420 0.00000750 

These ,densities are of the same order of magnitude as those of 
~ercury vapour between 70° and 120°. At 3870 the density of 

1) 'F. B. JEWETT, A new Method of determining the Vapoul'-Density of Metallic 
Vapours, and an Experirnental Application to !he Cases of Sodiu!l1 alld Mercury. 
Phil. Mag. [6J, 4, p. 546. (1902). 

23 
Proceedings Royal Acad. Amsterdam. Vol. IX. 
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1 
saturated sodium vapour is about 1000 of th at ofthe atmospheric aü' 

at 0° and 76 cms. 

Observations. 

If we now l'egl1Iate the intensity of the cnrrent in the fl1rnaCé in 
sueh a ma11l1er that the thermo-conple indicates a steady temperature 
(in many of Oul' experiments 390°), then within the tube tIle density 
of the vapour is not everywhcre the same, to be sure, fOl' the 
temperature falls from the middle towards the ends, but since the 
sUl'faces of equal tempm'ature are practically pel'pendicular to the 
beam of light, aU rayf:l pass nearly rectilineady thl'ough the \'apoUl'. 
Accol'dingly the spectrum is on1y littJe changed; the two D-lines 
have become somewhat stronger, which we shaJl, for the present, 
ascl'ibe to absorption by the sodium vapour in the tube. 

We 110W blow a feebIe Clll'l'ent of air through the tube A which 
thus is sHghtly coo1ed, so that sOllium condenses on it, the vapour 
density in its neighbourhood diminishing. We soon &ee the sodiul11 
lines broaden consic1erably. This cannot be the consequence of i11-
creased absorptioll, since the average vapour density has decreased 
a little. The reason is th at rays of light with ver)' great refractive 
indices are now bent towards q' (fig. 3), rays with very smaH indices 
towards q; hence in the image of the slit P which is fOl'llwd on S, 
rays belonging to regions on both sides of the D-lincs no longer 
Dccur, while yet this image l'emains pel'fectly shal'p since the course 
of all other rays of tbe spectrum has not been pel'ceptibly alt~l'ed. 
If uow at the same time the tube B is heated by a current of e.g. 
20 Ampèl'f\s, by wh iel) the density gradient in tlle space between 
the tubes is incl'eased, th0 breadth of the lines becomes distinctly 
gl'eater still. The heu,(, genel'ated in the tube by the CUl'l'ent is u,bout 
1 calol'y l)er second; it is, howovo1', for the gl'eu,ter j)u,ri condueted 
away to the eoolec1 0])(1s of tho j nbe, sa th at the riso of tempol'u,turo 
can only be 811lU,Jl. 

By switching a Clll'l'ent key and a coele, A and B can bo l11u,dc 
to suddenly exchange paris, so that .L1. is hea.tod, B cooled. The dark 
bands then shrink, pass inLO shal'p D-lines anel Ihen expand again, 
until, aftel' a few minutes, they have rerovel'ed their original breadth. 

Fine anel sharp, however, the lines in the transition stage are 
only if the temperalure of the fUl'nace is very constant.. If ü rises 
Ol' sinks the minimal bl'eadth appem's to bo not 50 small. Iu th'is 
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case, however, th ere cel'tainly exist cm'rents in the mass of vapoUl' 
whieh cause the distriblltion of density to be less regular. Also when 
A and 13 are at equal ternpel'atures, we sornetirnes see the soclium 
lines sIightly broadened; it stands to l'eason to attribute this also to 
refraction ip sueh aceidental irreglllarities. 

That spectral lines possess some breadth is commonly ascribed 
either to motion of the Iight-emitting molecules in the line of sight 
or to changes in the vibrational period of the electrons by the col
lisions of the moleel~les. We now have a third cause: anomalous 
dispersion in the absorbing medium. The whole series of phenomena, 
observed in our sodium tube, corroborates the opinion that this latter 
cause must in general be regarded as by far the most important. It 
will appeal' that this conell1sion holds not only for dark but also fol" 
bl'ight spectral lines, 

If the slit in the diaphragm P is made much broaeler towal'ds p', 
this has na influence on the spectrum as long as A and B are at 
the sUl'rounding temperature. The D-lines appeal' as in a, PI. 1. If 
now A is cooled below this temperature, B raiseel above it, the 
dark D-lines only braad en in the direction of the shOt,ter wave
lengths, while at the side of the langer wave-Iengths the intensity of 
the light is even incrcased, since now also anomalously bent rays 
from the l'aeliation field p' can reach the point S through the slit Q. 
(see (j, PI. I). The spectrum (j passes into 'Y when the te:mperature 
ditference between A and B is made to change its sign or also when t11e 
original temperature diiference is maintainecl and the sliL in P is made 
much broader towal'ds p instead of towal'ds 11'. A small shifiing of 
the whole diaphragm P (starting from the conditioll in which it was 
when taking (j) so that S falls exactly in the shadow, causés tlle 
spectrum ó to appear, which makes the impression of au emission 
spectrnm of sodium with slightly shifteellines, although it is evidently 
only elue to rays from the fielel 1/ whieh have undel'gone anomalous 
dispel'sion in the vapour. 

Let us now retul'J1 to the diaphragm P with a narrow slit placed 
on the optical axis. (A piece of glass coated with tinfoil in which 
n. slit was cut out, was genern.lIy used). The spectrum then shows 
bron.c1 bands when thel'e is a density gradient bet ween A, antI B. 
If beside the slit. an opening is cut in the tinfoil, a group of rays 
of definite refractivity (and consequently also of definite wave-lengths) 
is given an opportllnity tQ reach S through Q, and n. bright spot is 
formeel in the dm'lr band, ihe shape of which depellds on the shape 
of the opening in the tinfoil, but is by 110 meallS identical with it. 

23'~ 
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/' If e. g. the opening in the diapbragm bas the shape 
of fig. 4, then the spectrum E is obtained. When the 
density gradient is diminlshed tl~e figure shrinks, ;; if 
now the density gl'adient is made to change its sign 
and to increase, the spectrum pl'oceeds t11l'0ugh the 
stages a (gl'adient exactly zero) and 'Ij to (j. 

Fig. 4. The relatiol1 between the shape of the opening 
in fhe diaphragm and that of the bright spots in the spectrum might 

easily have been foretold from the shape of the 

J ~ 
dispersion curve. Having, however, expel'imentally 
found the l'elation between the two figures for a 
simpl<:> case as the one above, it is not difficult to 

~ design for any desired distribution of light the shape 
of the required opening in the diaphragm. The 

Fig. 5. flower tand its inversion % requil'ed the diaphragm, 
represented in fig. 5. By reversing the gradient the image t passes into ". 

So in this way one mayalso al'bitrarily produce duplications, 
reversals, bright or dark ramifications of spectral lines and it would 
e. g. be possible faithfully to reproduce all phenomena observed in 
this respect in the spectra of slm-spots, facûlae or prominences. On 
Plate II a number of arbitrary distributions of light have been 
collected. They were all produced in sodinm vapour of 390:1 on the 
avel'age; a' is aguin the spectrum with eqtlal temperatures of the 
tIlbes A and B. In l' on the clal'k dispersion band D 2 a bright 
double line is seen, l'eminding us of the spectrum of the calcium 
flocculi of 11Au~. In the same negative Dl also shows 11 fine double 
line, which however is no longer visible in the reproduction. The 
spectra <jJ, X, tI' imitate the origil1 of a SUIl spot and prominence 
spectrum i (P namely represents the spectrum of the quiet sola1' limb 
with l'adially placed slit; in X a pl'ominence appeal's and a spot with 
phenomena uf l'eversal; tp slJOWS all this in a stronger degree. If 
now the clensity gl'adient 1S made to change sign, the image fil'st 
shl'inks again to <jJ aftel' which it expands to (0, in a cel'tain sense 
the invel'sion of 'lIJ. The remarkable aspect of these gradual changes, 
admitting of perfect regulation, is only imperfectly rendered by the 
photographs. 

The 7'elation between t!te curvatu1'e of tlw 'rays ancl 
tlle density gmdient. 

The question al'ises wheiher it is probable thai Cil'Clllnstances as 
were l'calisecl in our experiments arc a1so met wUh in nature, or in 



- 10 -

( 351 ) 

common spectroscopical investigations undertaken with entirely di:fi!e
rent purposes. 

We remark in the first place that curiously shaped diaphragm 
öpenings are not absolutely essential for the production of phenomena 
as those described above. If e.g. our source of light had a constant, 
say circular shape; if on the other hand the direction and magnitude 
of the density gradient in our tube had not been so regular, but 
very different in various placès of the field reproduced by the lens F, 
then the D-lines would also have shown all sorts of excrescences, 
110W determined by the configuration of the density distribution. 

In the second place we wil] try to form some idea of the quan
titative relations. 

The radius of curvature Q of the path of the most deviated rays, 
occurring in our photographs, may be easily estimated from the 
distance d of the diaphragm to the middle of the furnace, the 
distance ó of the most distant diaphragm openings to the optical 
axis, and the length 1 of the space in /which the incurvation of the 
rays is bl'ought about. Fol': 

Q:l=d:ó'. 

Putting ó: 1 cm., d=110 ems., 1 27 cms. this gives: Q=3000 cms. 
The average density l:::. of the sodium vapour was in this case about 

_1_ of that of the atmospheric air. 
1000 

Lei us see how Q changes with the density gradient. 
We always have: 

. . . . . • (1) 

if n represents the local index of refraction of the medium for the 

d
l dn • 

ray under consideration an n = ds the change of this index per cm. 

in the directioll of the centl'e of curvature. Approximately we have, 
for a given kind of light: 

Fl'orn this follows: 

n-l 
-z:;- _ constant = R 

n=RD. + 1 
I dn dl:::.. 

n=-=R-
ds ds 

RD.+ 1 
Q=-dl:::. i 

R-
ds 
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but since for rarefied gases n differs little fl'om unity, even for the 
anomalously dispersed rays which we consider, Rt:. may be neglected 
v\Tith regard to 1 and we may write -

1 
Q=- ......... (2) 

Rd6. 
els 

For every kind of light Q is COl1se.quently-inversely pl'oportional 
to the density gradient of tbe vapol1l' in the direction perpendicular 
to that of pl'opagation. 

An estimate of the magnitude of the density gradient existing, in 
our experirnents, between A and -B, may be obtained in two ways. 
It may namely be inf'erred from the produced difference of tempe
rature, or fi'om forlllula (2). 

The temperature diffel'ence between A and B would have been 
pretty easy to deiermine ihel'illo-electl'ically; up to t11e present, 
however, I had no opportunity to make the necessary arrangement. 
Besides, the relation bef ween the density distribution in the space, 
pn,ssed by the rays, and the temp~ratures of A and B eannot be so 
very simpie, sÎnce we have to deal not with two parallel planes but 
with tubes, fi'Olll which 1ll01'eOVer hang many drops of liquid sodinm. 

dt::. 
'rhe sec01ld method at Ollee gives an average value of - fol' 

ds 

n-l 
the space passed by the rays. It requires a knowledge of R = --

6. 
for a kind of ray for which in our experiments also Q has been 

\ 
determined, 

Now WOOD (Phil. ~1ag. [6J, 8, p, 319) gives a table for the values 
of n for rays from the ÎlllmedüLte vicillity' of the D-lines. These data, 
however, refer to saturated sodium vapour of 644°, but we may 
deduce from them the values of n for vapour of 390~ by means of 
the table which he gives in his paper on page 317. 

For, when we heat from 389 0 to 508', the refl'active power ofthe 
vapotll' (measured by the number of passing intel'ferellCe fringes of 

98 
helium light;.:=:: 5875) becomes 9" = 11 times greater, and at fur-

50 
ther heating from 5080 to 6440 again 4" = 12,5 times greater (now 

found by interference measurement with light fl'Om the mercury line 
;. = 5461); hence from 3901"\ to 6440 the refractive power increases 
in ratio of 1 to 11 X 12,5 = 137. 

Since now for rays, situated at 0,4 ANGSTRÖM-unit fl'om the D· 



- 12 -

( 353 ) 

lines 1) we have n - 1 = ± 0.36, (as the average of three values 
!aken from WOOD'S table on page 319), we ought to have with 
sodium vapour at 390:> for the same kind of rays 

0.36 
n-1 = 137 = 0.0026. 

The density t:. at 3900 is, according JEWETT, 0.0000016. hence 
n -1 0.0026 

R = T = 0.0000016 1600. 

Then from formula (2) follows 
db. 1 1 
ds Rf! - 1600 X 3000 = 0,0000002. 

Dispersion bands in tlze spectm of terrestrial SOU1'ces. 

It is very probable that, when metals evaporate in the electric 
arc, values of the density gl'adient are found in the neighbourhood 
of the carbons that are more than a thousand times greater than the 
feeble density gl'adient in our tube with ral'efied sodium vapour 2). 
- The radius of curvature will, therefore, in t11ese cases be over a 
thousand times smaller than 30 meters anel so may be no more 
than a few centimetres or even less. A short path through the vapour 
mass is then already snfficient to alter the elirection of cel'tain rays 
very perceptibiy. 

If now an image of the carbon points is produced on the slit of 
a spectroscope, then this is a pZl1'e image on]y as far as it is formeel 
by rays that have been little refracteel in the arc, but the rays which 
undergo anomalous dispersion do not contl'ibute to it. Light of this 
Îatter kin el , coming from the cl'atel', may be lacking in the image 
of the crater anel on the other hanel penetrate the slit between the 
images of the carbon points. Thus in ordinary spectroscopic obser
vations, not ouly bl'oadening of absorption lines, but also of emission 
lines, must of ten to a considerabIe extent be attributed to anomalous 
_elispersion . 

1) The spectrum E in our plate shows that the extremilies of the peaks corre
spond prelty weIl to light of ibis wave-length; for they approach the D-lilles to 
a distance which certaillly is no more than V16 of the distallce of the D·lincs 
which amounls to 6 ANGSTR.-units. For these rays the opening of the diuphragm 
was 1 cm. distanl from thc óptical axis. .. 

2) lf we e. g. put the vapour density of the metal in the Cl'ater, where it boiIs, 
at 0.001, the dellsily of the vapour outside the arc at a distance of 1 cm. from 
the crater, at 0.0001, then we have alrcady an avcrage gradient 5000 times as 
large as that used in our expcrimcnts. 
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When we bear this in mind, many untU now mysterious phenomena 
will find a readyexplanation. 80 e.g. the fact that LrvETNG and DEWAR 1) 
saw the sodium lines strongly broadeJfed each time when vapour 
was "ividl,r developed afler bringing in fl'esh material, but saw them 
beeome narrower again when the mass came to rest, although the 
density of the vaponr did not. diminish. If by pnmping nitrogen 
into the evapol'ated space the pressure was gradually increased, the 
lines remained sharp; but if the pl'essure was suddenly released, they 
were broadened. All this becomes clear as soon as one has recog
nised in the lines dispersion bands, whieh must be broad when the 
density of the absorbing vapour is irregular, but narrow, even with 
dense vapoul', if only the vapour is e\'enly spread through the space. 

Another instance. According to the investigations of KAYSER and 
RUNGE the lines, belollging to the second secondary series in the 
,spectra of magnesium, calcium, cadmium, zinc, mercury, are always 
hazy towards the red and are sharply bordered towf\.l'ds the violet, 
whereas lines, belonging to the fil'st secondal'y series or to other series 
are often distinctly mOl;e widened towal'ds the violet. With regard 
'to the spectrum of mag'nesium they say: 2) "Auifallend 18t bei mehre
ren Linien, die wir nach Roth verbreitert gefunden haben, dass sie 
im ROWIJAND'schen Atlas ganz scharf sind, und dann stets etwas 
kleinere WeIlenlänge haben. 80 habert wir ,*703,33, ROWLAND ,*703,17 ; 
wir 5528,75, ROWLAND 5528,62. Unsehärfe nach Roth verleitet ja 
lcicht der Linie grössel'e Wellenlänge zuzuschreiben; sa gross kann 
abel' der Feblel' nicht sein, deun die ROWLAND'sche AblE'sung liegt 
ganz ausserhalb des Randes unserer Linie. Wil' wis~en daher nicht, 
woher diese Diiferenz rührt." KAYSER has later 1) given an explana
tion of this' fact, ba8ed on a combination of reversal with asymme
trical widening; but a more probable solution is, in my opinion, 
to regard the widened serial lines as dispel'sion bands. 
. If we namely assume that, when we proceed from the positive 
carbon point, whieh emits the brightest light, to the middle of the 
arc, the number of the particles associated with the second secondary 
series decreases, then rays coming fr om the crater and whose wave
length is slightly greater than that of the said serial lines will be 
curved so as to turn their concave side to the carbon point. Their 
origin is erroneously supposed to be in the prolongation of their 
iinal direction, sa they seem to come from the arc, and one believes 

1) LIVEING and DEWAR, On the reversal of the lines of metallic vapours, Proc. 
Roy. Soc. 27, p. 132-136: 28, p. 367-372 (1878-1879). 

~) KAYSER und RUNGE, Ûber die Spektren der Elementc, IV, S. 13. 
1) KA YSER. Handbuch der Spektroskopie lI, S. 366. 
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to see light emitted by the vapour, in which light different wave
lengths occur, all greater thal1 the exact wave-length of the serial 
lines. The observed displaced lines of the second secondary series 
are consequently comparableto apparent emission lines of the spectrum 

_ ó of our plate I. 
In this explanation things have been represented as if the light of 

.these serial lines had to be exclusively attributed to anomalous dis
persion. Probably however in the majol'ity of cases emission proper 
w!ll indee~ perceptibly contribute to the formation of the line; the 
sharp edge must then appeal' in the exact place belonging to the 
particular wave-length. 

How can we now explain that lines of othel' series are diffuse at 
thë opposite side? Alóo this may be explained as the l'e:mlt of ano-

/' 

malous dispersion if we assume that of t}le emission centres of these 
other series the density inc1'eases when we move away from the 
positive carbon point. In this case namely the rays originating in 
tbe cratel', wbich are concave towards the carbon point and conse
quently seem to come from ihe arc, possess shorter wave-Iengths 
than the serial lines, i. e. the serial lines appeal' widened towards 
the violet. This supposition is not unlikely. For the positive and 
negative atomie ions which according to STARK'S tbeory are fOl'med 
in the arc by the collision of negative electronic ions, move in opposite 
directions under the influence of the electric field; hence the density 
gradients will have opposite signs for the two kinds. Series whose 
lines are diffuse towards the red and series whose lines flow out 
towal'ds the violet would, according to this conception, belong to 
atomic ions of opposite signs - a.. conclusion which at all events 
deserves nearer investigation. 

The examples given may suffice to .show that it is necessary syste
matically to investigate to what extent the !1lready known spectral 
phenomena may be the result of anomalous dispersion. A number 
of cases in which the until now neglected principle of ray-curving 
has uudoubtedly been at the root of the matter are found in KAYSER'S 
handbook 1I, p. 292-298, 304, 306, 348-351, 359-361, 366. 

Dispersion bands in t/te spectra of celestial bodies. 

Since almos t any peculiarity in the appearance of spectral lines 
may be explained by anomalous dispel'sion if only we are at liberty 
to assume the required density distributions, we must ask when 
applying this principle to astrophysical phenomena: can the values 
of the density gradient fol' the different absorbing gases in celestial 
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bodies ren,11y be such, that the rays n,re sufficiently curved to exert 
such a distinct influence on the c1istribution of light in the spectrum? 

In former communications 1) I showec1 that the sun e.g. may be 
conceived as a gaseous-body, the constituents of which are intima
tely mixed, since all luminous phenomena giving the impression as 
if the substanceH occurring in the sun were separated, may be 
brought about in such a gaseous mixture by anomalous c1ispersion. 
We wiII now try to prove that not only this rnay be the case, but 
ih~t it must be so on account of the most likely distribution of 
density. 

Let us put the density of our atmosphere at the surface of the 
1 

earth at 0.001293. At a height of 1050 cms. it is smaller by 760 of 

this amount, so that the vertical density gradient is 

0.001293 6 10 -----1 X -10 
1050 X 760 - . 

The horizontal gradients occurring in the vicinity of depressions 
1 

are much smaller; even during storms they are only about
1000 

of the said vaille 2). Over small distances the density gradient in 'the 
atmosphere may of course occasionally be largel', through local heating 
or other causes. 

Similar consic1erations applied to the sun, mutatis mutandis, cannot 
lead ho wever to areliabie estimate of the density gradients there 
occurring. A pl'incipal reason why this is for the present impossible 
is found in our inadequate knowledge of the magnitude of the 
influence, exerted by 1Ytcliation ZJ1'eSSU1'e on the distribution of matter 
in the sun. If there were no radiation pressure, we might presuppose, 
as is aiways done, that at the level of the photosphere gravitn,tion is 
28 times as great as on the earth; but it is counteracted by radiation 
pressure to a degree, dependent on the size of the particles ; for some 
particles it may even be entirely n,bolished. The radial density gl'a
dient must, therefore, in any case be much smaller thn,n one might 
be inclined fo calculate on the basis of gravitn,tional action onIy. 

Fortunately we possess another means for determining the radial 
density gradient in the photoshere, at any mte n,s far as the order 
of magnitude is concerned. According to SC:Hl\llDT'S t.heol'y the photo
sphere is nothing but a critical sphere the rn,dius of whicl! is equn,l 

I) Proc. Roy. Academy Amsterdam, 1I, p. 575; IV, p. 195; V, p. 162, 589 and 
662; VI, p. 270; VIII, p. 134, 140 aud 323. 

2) ARRHENlUS. Lehrbuch der kosmischen Physik, S. 676. 
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-to the radius of r.Ul'vature of luminous rays who se path is horizontal 
at a point of its surface. This radius of curvatllre is consequently 
Q = 7 X 1010 ems., a value which we may introduce into the expl'es
sion for the density gradient: 

dl:;,. 1 

ds Rf! 

The refractive- equivalent R for rays that undergo no anomalous 
dispersion varies with different substances, to be sure; but in an 
approximate calculation we may put R = 0,5. Then at the height of 
the critical sphere we shall have: 

dl:;,. 1 - = = 0.29 X 10-10 

ds 0.5 X 7 X 10 lo ' 
(this is 50 times less than the derisity gradient in our atmosphere). 
All arguments supporting SOHMIDT'S explanation of the sun's limb, 
are at the same time in favour of this estimate of the radial density 
gradient in the gaseous mixture. 

Let us now consider rays that do undergo anomalous dispersion. 
In -order that e.g. light, the wave-Iength of w hich differs but very 
litt Ie from that of one of the sodium lines,' may seem to come from 
points situated some arc seconds outside the sun's limb, the radius 
of curvature of such anomalously bent rays need only be slightly 
smaller than 7 X 1010 ems. Let us e.g. put 

f/ = 6 X 1010 e.m. 
If we further assume that of thé kind of light under consideration 

the wave-length is 0.4 Ángström-units greater than that of Du then 
fol' this kind of light R' = j 600, as may be derived from the obser
vations of WOO]) and of JEWE'l'T 1); we thus find for the density 
gradient of the sodium vapour 

dl:;,.' 1 1 
- _ - -- = 0.0001 X 10-10, 
ds Rf!' 1600 X 6 X 10 10 

a quantity, 2900 times smaller than the density gradient of the 
gaseous mixture. 

1 
Hence if only -- part of the gaseous mixture consists of sodium 

3000 
vapour, then, on account of the radial density gradient, the critical 
sphere will already seem to be surrounded by a "chromosphere" of 
light, this light having a striking resemblance with sodium light. This 
kind of light has, so to say, its own critica.l sphere which is larger 
than the critical sphere of the not anomalously refracted light. If the 

1) See page 352. 
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percentage of sodium were larger, the "sodium chromosphere" would 
appeal' higher. 

It is customary to draw conclnsions from the size of the chromo
spheric and flash crescents, observed during a total eclipse with the 
prismatic camera, as to the height to WhlCh various vapours occur 
in the solar atmosphere. According to us this is an unjusüfied con
clusion. On the other hand it will be possible to derive from these 
observations data concerning the '1'atio in which these substances a1'e 
present in the g,zseous mixtu1'e, provided that the dispersion curves 
of the metallic vapours, at known densities, will flrst haye been 
investigated in the laboratory. 

Until now we onlS dealt with the nOl'lllal radial density gradient. 
Ey convection and yortex motion however irregularities in the density 
distribution anse, with gradients "Of various direction and magnitude. 
And sin ce on the sun the resultant of- gravrtation and radiation 
pressure is relatively smaH, the1'e the irregular density gradients may 
sooner than on the earth reach values that approach the radial 
gradient Ol' are occasionally large]'. 

The incurvation of the rays in these irregulal'ities must pro duce 
capriclOusly shaped sodmill prominences, the SIze of which depends, 
among othel' causes, on the percentage of sodium vapour in the 
gaseous mixture. . 

So the large hydrogen and calcium prominenees prove that rela
tively much hydrogen and- calcium vapour is present in the outer 
parts of the sun; but pel'haps even an amount of a few percents 
would already suffice to account lor the phenomena 1). ' 

If we justly supposed that non-radially directed density gradients 
are of frequent occu],l'ence in the sun, anel there disturb the general 
radial gradient much more than on the earth, then not only rays 
from the marginal region but also rays from the other parts of the 
solar disc must sensibly deviate from the straight line. Ohiefly con
cerned are of COUl'be the rays that Ulldergo anomalous drspersion. 
Eve1'y absorptîon line of tlle sola?' spectrum must consequently be 
enveloped in a dispersion band. 

To be sure, 'absol'ption lines J of elements -which in the gaseous 
mixture only occur in a highly rarefied condition, present themselves 
as almost sharp lines, since for these substances all density gradients 
al'e much smaller than for the ch~ef constituents, and 80 the curvature 
of the rays from the vicinity Ol these lines becomes imperceptible. 

1) This result would be in accordance wüh a hypothesis of SCHMIDT (Phys. 
Zellschr. 4, S. 232 and 341) accordmg to which the chief constituent of the solar 
atmosphere would be a very light, until now unknown gas. 
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Also of strongly l'epresented elemenis some lines may appeal' shal'p, 
since not all lines of the same element, with given density, cause 
anomalous dispersion in the same degree. Pel'haps even there are 
absorption lines which under no condition give tise to this pheno
menon; though thib were rathel' improbable from the point of view 
of the theol'J of light. 

Be this as it may, the mentioned limitations do not invalidate our 
pl'incipal conclusion: that the general interpretation of the solar spectrum 
has to be modified. We are obliged to see in FRAUNHOFER'S lines not 
only absorption lines, as KIRCHHOF does, but chiefly dispersion bands 
(or dispersion lines). And that also on the distribution of light in 
the stellar spectra refraction has a preponderant influence, cannot be 
doubted either. 

We must become familiar with the idea that in the neighbourhood 
of the celestial bodies the rays of light are in general curved, and' 
that consequently the whoJe interstellar spare is filled with non
homogeneous mdiation fz'elds 1) of different structure for the various 
kinds of light. 

Chemistry. - "On a substance wlLich possesses nurnerOU$ 2) dijfe1'ent 
liguicl phases of which three at least are stable in rega?'d fo 
the isotropous liqtticl." By Dr. F. M. JAEGER. (Commllnicated 
by Prof. H. W. BAKHUIS ROOZEBOOM). 

~ 1. The compound which exhibits the highly relllarkabie phenomena 
to be described, is cholesteryl-cinnarnylat(l: C27H4602C.CH:CRCoRs' 

I have prepared this substance by melting together equal quantities 
of pure cholesterol and cinnamyl-chloride in a small flask, which 
was heated for about two homs in an oilbath at 190°. It is of the 
greatest importance, not to exceed this temperature and the time of 
heating, as otherwise the liquid mass, w hich commences to darken, 
even under these conditions, yields instead of the desired derivative 
a brown resin which in solution exhibits a green fluorescence. 

1) Das ungleichmassige Strahlungsfeld und die Dispersionsbanden. Physik. Zeitschr. 
6, S. 239-248, 1905. 

2) In the Dutch publication, I have said: five. Since that time however, more 
e-:x.tended microscopical observation has taught me, that probably there are an 
infinite number of anisotropous liquid phases, no sharply fixed transition being 
observed in this manner. The hypothesis, that the transiLion of the first anisotropous 
liquid phase into the isotlopous should be continuous, would therefore be made 
more probable in this way. However there are observed some irreversibilities by 
passing from solid to liquid state and vice-versa, which yet I cannot explain at this 
moment. 


