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1 = 1,1. i 0-7, 

which agrees very wel! with tbe theoretical one 1,:13. 10-7• 

We must observe, however, that we cannot assign to onr measu­
rements a greater preci&ion than of 10%

, 

It seems to us th at wItbin these hmits the theoretICal conclusions 
have been fairly eonfirmed by OUl' obseryations .. 

The experiments bave been cal'rled out in tIle "Physlkalisch-Tech­
nische Reichsanstalt". We wan t to expr ess our thanks fOl" the appa­
mtus lnndly placed at our dIsposition. 

Physics. - "On a possible influence of the FRESNEL-co~f.ficient on 
saZar p/tenomena". By Prof. P. ZEEMAN. 

(Oommunicated lil the meeting of September 25, 1915). 

1 d(.l 
We shall prove, herf, that the pl'esence of the term - - -d of 

{J, J. _ 

LORENTZ in the expression fol' the FRESNEL coefficient (cf. also my 
paper Vol. 18, p. 398 of these Pl'oceedings) may give rise to a 
change in the propagation of light waves if in a moving, refracting 
medIUm a change of velocity OCClll"S. I suppose the medIUm to have 
everywhere the same density and to be flowlng with a veloei/y v 
parallel to the axis of X in a system of coordinates that is at rest WItll 
respect to the obsel'ver. ln the direction of the Z axis a velocIty 
gl'adient exists in sueh a way, that the veloci/y decl'eases with tbe 
distance to the X axis and becomes zero at the distance z -== 6. If 
now the incident lighfbeam (wtth a plane wave front) is parallel to 
the axis of X, tlle parts of the wave fronts wlllrh are neal' tlus 
axis will be more carried with the medIUm than those at a gteatel' 
distauce. The wave front wIll thus be rotated. 

If the velocity derl'eases linearly in thc direction of the Z axis 
the wavefront will remain plane. ln a time t the angle of rota/ion, 

E.U.t. 
(supposed to be small) rvill be a = ~' whet'e E is tbe FRESNEL 

co€'fficient and where v and 6 have the a.bove mentlOned meanillg. 
More iu generfil we may cOl1sidel' an element of the wave ft'oni 

, du v 
alld then write dz for 6' Moreovel' mal' be expresserl as a fune-

tion of the velocity of light and the path thl'ough whieh the l'nys 
have travelled, so that we find 

El dv 
I!=--

IJ/tl d:: 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 

(1) 

46 



- 3 -

712 

In general this angle is infinitesimal, but it will take highel'-
d(.t 1 I. d(.t 

values if - - becomes verv large. In the expression EL = 1 - - - - -
~. ~ (.t~ 

we only need to keep the last term, so that (1) becomes 

). d(.t l dv d~.t l dv 
a = - - - . - . - = - I. - - - • . (2) 

(.t dJ. cj(.t dz di. c dz 

If the normal of the wave fronts fOl'ms an angJe i with the 
diJ'ection in which the gradient of the velocity changes most, we find 

d(.t l dv 
a = - J. "- - - sin i 

dJ. c dz 
. . . (3) 

" 

This equation makes it possible to constJ'uct the path of the light 
/'ay starting from a given point in a given direction. 

In order to show how great the influence of the dispersion term 
may become in different cases I give here some tables refel'ring to 
water, carbonic dislllphide and sodium vapour. 

Fol' water and carbonic dislliphide we have calclllated with the 
data from well known tables the values of {.t for some values of i. 

(in l.lT.) In the third column the _ val u es of -: ~), in cm.) -'are­

given, while in the fourtll the FRESN1ÜJ coefficient EL is found. 
The last column gives tlle vaille of the dispersion term separately. 

For sodium I take the vaille of J. and (.tob.ç from Wooo's 1) obser­
vations, made at 644" C.; now EL reduces to the dispel'sion term. 

d,u 
The values of EL and of - - are only of interest as to the 

dJ.. 
order of magnitude. 

lYrû81' . 

0 d(.t J.. dl-' 
). in A.U. ~l EL ---

dJ.. l-' dJ.. 
4500 1.3393 650 0.464 0.021 
4580 1.3388 615 0.463 0.021 
5461 1.3346 390 0.454 0.015 
6440 1.3314 270 0.449 0.013 
6870 1.3308 216 0.447 0.012 

Caroonic disulphide. 

4358 1.6750 5000 0.774 0.130 
5461 1.6370 1900 0.690 0.063 
6870 1.6160 1200 0.668 0.051 

1) Physieal opties. p. 427. 1911 

----~--~~~ --~~ ~ - -- ------~~-~-~ 
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Sodium, VapO'lt1'. 
0 

dfL i.. dfL 
À in A.U. fLobç. 

dJ, 
---=EL· 

fL dJ. 
5882 0,9908 

1,3.105 7,8 
5885 0,9870 

8,1.105 48 
5886,6 0,9740 

17. 105 102 
5888,4 0,9443 

280. 105 2100 
, 5889,6 0,614 

In the applieation we are going to make of equation (2) (( is 
supposed small, so that we need not integmte over the path of the 
ra)'. We sappose in the sun a radia!!y rising, selectively ahsorb­
ing gas mass, in whieh a velocity gradient exists pel'pendicnlar to 
tbe radius. Even without the density gradients, whieh are neeessal'y 
in tbe theol'j' of JULIUS, thel'e mnst be here a deflection of the light 
waves, especially fol' the wavelengtbs in tbe neighbolll'hood of tbe 
absol'ption lines. 

If we try fo work out quantitatively the idea, on whieh rests 
eqnation (2) we dil'ectly meet with the difficulty, that the nécessary 
data are failing. Still we may deri\'e aeonclusion from (2), be it 
with Wtle evidenee, viz. that also with extremely smal! density' of the 
considered vapour there may exist an obsel'vable inflnenee of the 
FRESNEL eoeffieient on the light waves. 

Let the radially aseencling gas mass be foulld in the centre of 
the visible solar disc and snppose that an objective of e, g, 30 'cm. 
diameter be used for obsel'vation. The light cone proceeding fl'om 
the considered point of the SI1l~ has then (the distaJ1C{~ of tbe eal'th 

30 
fo the sun being 1,5.1013 cm.), a value of ----- = 2.10 - 12 in 

1,5 X 1013 

radials. A ray deviating with half this amount from the line that 
conneets the centre of the sun witb the objective does not faIl in 
the telescope. A ray to the rilll of the objertive however needs a 
deviation of the whole amount to fall beside the teleseope. 

For I we may take the depth of the "reversing layer", dz. a 
numbcr of the order of 1000 lcm. 

dfL . 
As to -, accordmg to the above .mentioned observations of WOOD, 

d). 
I 

th is is in tbe neighboUl'hood of the sodium line and at 6440 O. of 
the order 10°. The density of sodium vapollr is at 6440 O. ofthe order 
10-5• This follows from a calculation, wbieh Ml'. O. M. HOOGENHOOJlf, 
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assistent at the Physical Laboratory, made at my request, using 
the obsel'vations of HAOK8PILI, 1). 

As to the denslty of the metal vapours on the sun, which give 
rise to the finest lines in the solar spectrum, we may tI'eat these 
according to LORENTZ 2) as being very small. lf IJ is the pressme in 
mmo mercul'J of the metal vapou1', I t11e length of the layer that 
is tl'aversed by the ray5, LORENTZ finds at T = 6000' pI < 0,0015 
or pl < 15000 depending on the suppositions made. 11'01' 1=108 c.m. 
would follow p < 0.00015 mmo rnerrury in the lat ter case and 
p <: 0,00015 X 10-7 rum. mel'cnrJ in the former one. To the men­
tioned pressures correspond the densities 9.10 -12 and 9.10-1Q• 

d(.t 
Let - dÀ be proportional to the density, then we should find 

df.t 10a.9.10-19 

fol' a density 9.10-19 - 1 == =10-7 at644°a. Weshall 
d", 10-5 

suppose this number io be still valid at 6000°. 
For a = 10-12 and ). = 6.10-5 c.m. we then roughly find fl'om 

dv 
equation (2) - = 50. This llumbel' and therefol'e the ve]ority 

dz 
gradieJlt becomes 107 times smaller, if we take :10- 11 for tbe density 
of the metallic vapoUl' aml still smaller, if we assign a higher value 

df.t 
to - - than we did aboye. 

dJ. 

A few objectiolls call be made to the application of the above 
given discussion to the explanahon of solar phenomena. I shall 
mention these shortly. / 

Even if we confine onrseh'es to rays pl'Oceedmg from one point of 
the sun, t11ere seems to be a difficulty in the fact, that while rays of a 
definite wave length and defilllte dIrection are deflected awa)' fl'om 
the objectlve, there are other rays of the same wavelength and 
ol'iginally another dU'ection, whlch are deflected towards the objec­
tive. This difficulty may be aVOlded by aS8uming a partition of 
velocities symmetrical with respect to the line connecting sun and 
objectIve. Then all rays that must be taken into consideration are 
deflected. If now we had to cOllsider the light from one point of 
the sun only, we migltt directly conclude, {hat fOl' the mentioned 
small velocity gradients the deflection of the light l'ays must g'Ïve 
dse to obsel'vable phenomella. One of these phenomena would be 
the occurrence of complicated changes closeI)' connected with the 

J) HACKSPILL Ann. de Chim. et de Phys. (8) 28, 676 Ilnd 661. 1913. 

~) H. A. LORl::NTZ. On the width of spectrallines. These proceedings, 23, 470. 1914, 
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dispersion bands- of JULIUS, in the neighbolll'hood of the simple 
absorption lllle tlIat would be observed in a gas mass. at rest. If 
nowever instead of one poill[ of the photosphere we consider a part 
of observable apparent area we only get a mean effect, which will 
be smal!. 

Only a very special parlition of the velocity may th en giye rise 
to astrong action . 

Large (velocity gradients will occur in the neighbourhood of 6Ul'­

dv 
faces of dlscontinnity; th en l- may become very large and a even 

dz 

of anolher order of magnitnde. Ascending and desC'ending cunents 
may be found in neighbollring parls of space. Ollreents in these two 
dil'ections may detlect the light, so that finally tile light from a 
finiIe part of tbe photosphel'e may be deflected. 

The aim of tlus cOlllmunication is only to call the attentioll of 
astl'ophyslcists Lo the fact, that nndel' fa\'ourable circumstances the 
simultanevZls existence of velocity ,qmdients and anomalous dispe1'sion 
Hl gases that aee extremely raee and without den&lty gradlents, may 
give risc to a dejlection of light. 

Anatomy. - "On the Belation between the. Dentition of Marsu­
pials and t!tat of Reptiles anel J.l1onodelpltians." , (First C'om,­
munication). By Prof. L. BOLK. 

(Communicated in the Meeting of May 29, 1915). 

On the mOl'phologicaI.signifirance of tbe dentition of Marsupials 
opillions have varied greatly in the course of time. The special 
chal'acteristic of this dentition, the almost entire absence of I:L teeth­
change, naturally gave l'ise to the question: with which of the two 
sets of teeth of the Monodelphian mammals does that of the Mar-

I 1 

supjal& correspond, with the decidnous or with the permanent set? 
Olcler au(ho~'s, more particularly led by cOl11parative anatol11i('al 
in \'estigations, were genemlly of opinion that it must be considered 
as identical with the permanent set of tbe Monodelphian l11ammals. 
This was e.g. the opinion of OWEN, Fr.olV~m, OLDFIEW THOlllAS. Wilh 
the l\iarsnpials the milk-dentition would, accol'ding to them, remain 
undevelopecl with the exC'eption of a single tooth, na,mely the one 
il11mediately preceding the first molar. In ta.C't with most Marsll pials 
an existing' tooth is here Isoonel' or later expelled and rèplaced by 


