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the errors of tbe readings are less than 111000 of tbe deviation, 
very different intensities may be determined with' the same resistance 
to at leagt ]/10 percent. In this case the current. was weak, and it 
is clear, how with the qUfLdrant-electrometer we may determine 
among others the constant of mirror ga1vanometers without any 
difficulty. If on the other hand we have a »Normal Widerstand" 
of 0.001 ohm, as it is cODstructed by SIEMENS and HALSlCE for 
instance, a CUl'l'ent of 1000 ampere may be measuied with the same 
accuracy. 

To conclude I shaH point out "a circumstance which may occur 
in somp. caEles with such measurements, and which may cause very 
great mis takes, and has rendered a great many of my own experi
ments worthless. In this laboratory 30 accumulators are coupled 
in series, and different groups may be used in different rooms; in 
my experiments the current, which passed also through the resis
tance, mentioned on page 6; was taken from a group of 5 accumu
lators; one end of this resistance was connected with the earth, 
the other with the electrometer j w hen however in another room 
another group of accumulators is UI~ed at' the same time and part 
of the circuit is in connection with the earth in that room too, or 
is not quite insulated, the cnd, connected with the electrometer may 
be between two points which are in connection with the earth, and 
the truc difference of potential is not measured. A mistake of this 
kind is at once found when we change the direction of the current ; 
moreover this mistake may be easily av?ided by insulating thc 
cclls usèd. 

Physical Laboratory. Groninghen. 

Physics. - »On the infiuence of the dimensio12S of tlw som'ce of 
light in diffraGtion pllllnomena of FRESNEL and on the dif
fraction of X-mys." lThird communication.) By Dr. C. H. 
WIND (Communicated by Prof. H. HAGA). 

17. In my fOl'mer communicaLions on this subject 1), I have 
pointed out (cf. Arts. 10 and 16) that the theory concerning the influence 
of tbe wic1ening of the illuminatec1 slit, in the simple form at least 
in which it was gi ven there, cannot explain the fact tbat, when 
the diffraction slit gradually narrows towards ane end, the two 
principal maxima continue to appeal' as two distinct bright or (on 
photographic negatives) dark lines, even aftel' tbe point of inter~ 

1) Vers!. K. A. v. W. 5, p. 448 and 6, p. 79, 1897. 



- 3 -

( 66 ) 

socting. Aocol'ding to theory there should be soon aftel' the point 
of intersection an area of nearly uniform maximal illumination in the 
middle of the diffraction image, covering the whole region- between 
the two places where in iact the maxima are seen. This difficulty is 
solved by the optioal illusion, which I have describeél in the Proeee
dings of the May-Meeting. In cases like tbat mentioned - viz: those, 
w here a zone of uniform maximal illumination gradually P!1s~es on 
both si des into zones of continuously decreasing iIlumination - there 
are indeed two separate maxima to be observed on the borders of 
the bright zone (cf. fig. 9 and 10 in the former communication). 

18. This proves already that the optical illusion mentioned may 
largely infl.uence our observations of diffraction phenomena. As also 
appears from some experiments, which I have lately made for this 
pur pose, this infl.uence may even be so great, that the real distribution 
of light in the diffraction images can hardly be deduced from imme
diate observation in many cases. So, for instance, it has struck me 
repeatadly that the diffJ'action image of a slit still shows the principal 
maxima with great distinctness, even wh en the luminous slit has a 
considerable width, whereas theory indicates the excess of intensity 
in the maxima, compared with the field round them, to become 
smaller and smaller, when the slit is widened more aDd more. As 
we know now, that under the iDfIuence of tbe optical ill usion 
distinct maxima of brightness are observed even on the borders of 
a zone of uniform illumination, provided that it passes into zones of 
decreasing intensity, we may by no means wonder, if we see the prin
cipal maxima apparently continue to be cleady visible, though thcir 
excess o"r intensity become very smalI. We may ask ho wever, 
whether, because of the optical illusion, the place wbere we observe 
our maxima of brightness be still the same as the place wh ere "hose 
maxima of illumination 1'eally occur. And without any doubt the 
answer ought to be: no. Yet it may be presumed and experiments 
have confirmed, that, as long as the principal maxima themselves 
are of a considerable distinctness (excess of iniensiiy), their apparent 
place is only slightly infl.uenced by optical illusion, that i. o. w. 
the place, where our eye observes a maximum of brigktness, is chiefly 
determ'Ïned by the principal maxima themselves. This explains why 
some measurements of secondary diffraction images, mentioned in 
my second communication on the subject, may have led to a taxa
tion of the wave-length of light which was not quite wrong. 

19. Another rem ark relating to my farmer experiments is this. 
The maxima observed in the secondary diffraction images are of a 
pure white, though we should expect them to be slightly coloured, 
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as their place, as deduced from the theory of those diffraction 
images, is not quito independent of wa.ve-length. We now easily 
understand this particular to be aIso due' to the optical illusion. 
l'he diffel'ences of colour, which should really exist to some extent, 
have intensities, which corrt'spond to tbe real excesses of illumination 
in tbe principal maxima and by no means to tbe much greater 
excesses of brightness, which our eye perceives there. 

20. Whereas our optical illuslon leads in this way to the expla
nation of some difficulties, it compels us on the other hand to give 
up our former conclusion (cf. Art. 15), that the analogy betw~en the 
shadow images of X-rays and of ordinary light justifies the supposition 
that the X-rays consist of undulations. The facts mentioned in my 
former communication sufficiently show, that even without a trace of 
diffI'action the X-rays could produce shadow images, which present to 
our eye the well-knowll bright and dark fringes. The photo a repro
duction of which is given lil that communication as fig. 6 shows in 
originali a cbaracter wbich agrees perfectly with tbe (negative) X-sbadow 
images, obtained formerly by FOMM and others. lts dark fringes are 
by no means less distinct tban those of the X-shadow images men
tioned; and on the otber hand tbe lat ter show very distinct bright 
fringes on their outer sides - though there may have heen paid 
IittJe attention to these fringes hitherto -, these bright fringes being 
exactly those corresponding to the hright circulár lines in fig. 6. 
Moreover it is by ao means difficuJt -- as I pointed out in Art. 8 
of my former communication - to ohtain the X-shadow images 
wi th the characteristic hright and dark fringes hy using slits 
of It considerabJe width (cf. fig. 10 of that communication). This 
however would contmdict with expectations founded on the suppo
sitlOll of those fringes being caused by diffraction. 

21. The optical illusioll alluded to leaves, of course, beyond all 
doubt the correctness of the theoretical considerations, communicated 
hefore, on the influence of tbe widening of the luminous slit on 
Idiffraction pheuomena. Especially the simple method

1 
developed in 

order to take that influence into account, holds quite good as far 
as concerns an exact illterpretation of the diffractioJl images ohserved 
and a calculation of the distribution of light, which may be expected 
in diffraction images under given conditioDS 1). I 

1) It is easy te see thnt my method for calculating tha influence of the widening 
of the slit on the distribution of light in difirnction images also npplies, in principle 
at lenst, to ether difiraction phenomena than those of FRESNEL, e. g. to these of 
FRAUNHOFER, and it 1S ensy to conceive how this method is to he modified for 
heing aplllicabie to sllah cases. 

5 
Proeeedillgs Royal Acad. Amsterdam Vol. 1. 
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The followillg question seemed rather important. What are the 
different stadia through which the primary diffractiou image, (pro
jected by the edge of a-screen f. i.), the luminous slit being gradually 
widenen, passes into the shadow image, belonging to a slit so wide 
that diffraction has finished to be of any cOllsequence; and how does 
the diffraction image present itc,elf to our eye in the different stadia 
under the influence of the optical illusioll mentioned. In order to 
be able to answer this question I [Iave photogt'aphed a series of 
fifteen diffraction images of a rather wide slit, the lurninous slit 
having throughout the whole series an ever increasing width, but 
the conditions of the experiment being left quite unaltered in any 
other respect. The width of the latter slit ranged between snch 
limits, that the space through whlch the prim3ry diffraction curve 
must be displaceà, in th0 cOllstmction of Art. 5, in order to obtaiIl> 
a correct geometrical representation of the secondary diffractioD image 
we should expect, corresponded in the ronseeutive experiments to 
dispJacements of the starting-point of the cffective arch on the 
spi ral of CORNU, as by which the well-known quantity v of FRESNEL 

"aried from 0,2 (when the slit was narrowest) to 8,4: (when the 
slit was widest). Applying the construction alluded to, I have on 
the other hand drawn common-type graphica1 representations of 
the dibtributioll of light in the rliffraction images belonging to thc 
consecutive widths of the slit. It is not the p]aoo here for a de
Bcription in details of the distributions of light expected and of 
the distribution of brightness obsened on thc negatives; ir may 
be sufficient to rem ark that most of the plates of the series 
showed a considerable difference between the c1istribution of light and 
that of brightness, a difference even as concerns the general aspect 
of the image. There is, however, not a total want of regulal'ity 
in these differenres. I generally found that the oye perceives maxima 
resp. minima of brightness in, th08e places of the zones of continually 
increasing intensity (transition zones), where - in consequence of 
undulations of the primary diffraction curve - the rate of increasing 
of the intensity changes considerably. For the rest the diffraction 
appeared to come forth pretty clearly in the first plates of the 
series (the luminous slit being rather narrow), so far as concerns 
the general aspect of the images, whereas Hs infiuence further on 
in the series decl'eases more and more and is at last scarcely 
recognisrd, The latter romark is of some importance especially 
with a view to the following considerations. 

22. The leading idea of the whole investigation has always been 
the desire to get an estimation of the wave-length of X·rays, or 
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at lenst a determinution of a possibly low uppel' limit fol' sueh a 
wave-length. With a view to th is purpose Prof. HAGA and myseJf 
have eontinued the experiments begun by Mr. TIDDENs; in the 
beginlling, however, always with a negative result. 

Fillally two experiments have been made these Jast days under 
tJw fol1owing conditions. In both of them the width of the luminous slit 
wns (i = 49 f.l aud this slit l'eeeived the radiation of an X-ray tube 
(with self-reguJating vacuum accordillg to the newest system of MULLER 

at Hamburg), placed in such a way that the anticathode made a 
very sm all angle with the axis of the arrangement (cf. Art. 1) in 
Ol del' to procure the greatest p03sible: concentl'ation of the penCIl of 
X-rays, terminated by tbe slit. 

One of the ends of tbe diffraction slit was narrower than the 
other, the latter being of a width of ± 400 ft, the otl1er of a few 
microns only. In the experiment A the distances were: a = 293, 
b = 2DS cM., in tbe experiment B: a = 605, b = 615 cM. 

Both the slits as weil as the sensitive plate were attached to 
fi1'ln stands, fastened by means of plaster to col~mns of compact 
lime-sLone, which were attached with plaster to the pillars or the 
stone fiool' of tbe building. The time of exposition was a little 
more than 8 hours for the experiment A, 40 bOUl'b for tbe expe
riment B. 

Aftel' deveJopment each of the two plates clea]'ly showed a thin 
black line, sharpening towards Olle end and being the image of the 
second slit. 

By first observation there is no infiuencé of dilfraction to be 
perceived on eitber of tbe plates, the borders of the black line 
mentioned appearing almost absolutely Aharp defined and the line 
itself ending in a very sharp point. Closer observatioll, however, 
shows on botb sides a transition zone limited by a dark line OD the 
inner side, by a hright one on the outer side. Fillally, hy looking 
carerully at the lines under a microscope, magnifying about 14 times, 
I havE' been led to the following observations. 

10. On plate A the dark and the bright lines are pretty sbarply 
defined, much like those appearing in transitioll zones, where there is 
no diffraction. The diAtance between tbe dark alld the bright fringe 
has for each of tbe transition zones an ave rage value of about 67 p 
over nearly the whole plate, while on the other hand the width of 
the transition zones as calculated from the values of Cl, a alld b 
would amollnt to 50 ft, in the supposition of rectilinear propagation. 

Comparing the plate with the series of images mentioned in 
A.rt. 21, one llJay feel inclined to assume that the dlfference between 

5* 
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those 67 and 50 p be possibly caused by diffraction j but at all 
events it is certain that the image of the slit on plate A does agTee 
pretty well in its aspect with the images on those plates of the 
series for whieh v > 2, 3, but does not agree with the other images -
a peculiarity which is quite compatible with the rather small value 
of the difference just rnentioned. Hence follows, howcver, as is easy 
to calculate, that - if we may speak of a wave-Iength ofX-rays -
we may assume: 

2°. The dark aud the bright lines on plate Bare less sharply 
defined; the dark lines seem even to have passed into rather broad 
bands with 11 gradual decay of darkness towards the outer side, the 
image beginning in this way to resembIe, as far as concerns its 
general character, tbe former plates of the series of experiments 
mentiolled in Art. 21. It migbt even be eonsiàered, from its general 
aspect, as being exaetly similar to tbose of the images of the series, 
for wbieh v is about 1,5. If we migbt take this similarity for 
granted, it would follow that 

Àx = ± 0,18pp. 

Influence of diffraotion in this experiment is also made probahlo 
to same extent by tbe faet that there have been found values for 
the distanee between the dark and the bright fringes in the tran
sition zones, Wh10h range between 76 and 91 pover nearly the 
whole plate and amount to 78 on an average, so as to point to a 
distanee actually biggel' tban on plate A; in this respect we shol1ld, 
however, remember that the measurements coulc1 not be effeeted 
with a high degree of aecuracy. On the other hand the point of 
intersection of the dark fringes on this p1atc e01'l'espond with a lar
gel' width of the diffraetion slit than on plate A, whieh also seems 
to point out an influenee of diffraction. NAvertheless, though all 
these particulars may be considered as possib1y being eaused by 
diffraction, we ought to be aware it boing by no means impossible 
that they might have been eaused by continual, though very slight, 
viLratioDs of one or more of the stands, if on1y the manner in ",hieh 
these stands have been moullted may ha\'e not quite prevented them 
from any slleh continual motion. 

30• In the neighbourhood of the point-end of the image of the 
slit on piate A, my attention was repeatedly drawn to something, 
that in my opinioJl may possibly be considered as ti. slight indieation -

--- -------- ---- ---
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of a fan-like broadening of tho image of the slit, ehiefly manifesting 
ltself in a diverging of thc two bright lines of the outer side. If 
we might assurne, that this fan-like bJ'oadening really exists and is 

I a consequence of diffraction, and further that sueh a broadening of 
the image does not occur before tho diffraction slit is so narrow as 
to correspond at the utrnost to a value 2 for tbe quantity v, we 
should find by calcnlation, as the diffraction slit has proved by 
measurement to have a width of 2,3 p on the spot where the 
phenomenon is seen: 

À:x: > 0,12 ft ft . 

Though on one hand I arn aware that what I have descl'ibed as 
seeming to be a fan-like broadening of the image of the slit is in 
its appearance sa utterly mean, that every one might feel justified 
in not accepting my interpretation, yet it is on the other hand of 
same importallce, that this particular presellted itself to my eye quite 
spolltaneously, I having had not the slightest expectation to observe 
anything of the kind. 

40. Aftel' having observed the phenomenon rnentioned under 3° 
on plate A, I tried to find something of the same kind on plate 
B, and indeed I succeeded in finding ft place which gave an indi
cation of a phenomenoll somewhat like it. The phenomenon being 
even Jess distinct here than on plate A is in itself not astonishing 
at all, as plate B on the whole seems to be much less affecteu 
by the processus of insolation and development than plate A. 
Tbe spot where I believed to observe the fan-like broadeuing lies 
higher bere than on plate A, VJZ: on such a height as to correspond 
with a width of the diffraction slit of about 30 ft. 

H the reality of this phenomenoll might be accepted, we might 
deduce from it oy calculation: 

À:x: > 0,15 ft ft. 

suppositions of the same kind being madp as before. 
It is in agreement with the above remarks that the image of 

the slit extends considerably farther, at the point-end, on plate A 
than on plate Baud less far on both the plates than would corre
spond to the real length of the diffraction slit. We may, ho wever, 
not attach too much importancc to this fact, 1°. because plate B 
shows on the wholc a less intensive darkness than plafe A, as has 
already been said, aud 2°. because thc diffl'action slit becomes so 
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exceedingly narrow on one end, that we c0l11d not e:li:pect mueh 
effect of the insolation on the corresponding parts of the negative, 
even if diffraction we re to be excluded from before hand. 

I do by no means intenà to say tbat by what precedes the con
clusion might be justified, that X-rays w'e diffracted and that they 
have a wave-length of abou,t 0.1 à 0.2 ft 1-'-. Yet, as we have arrived 
through two or three independent ways at resl11ts which agree pretty 
weU, those results - thougb eaeh of them, the first excepted, may 
separately be of nearly no value at all - if tc.ken together make 
me believe, th at the eûnclnsion mentioned may possibly be not very 
fa1' f1'om trutlt. Moreover they make a fUither investigation in the 
same direction desir,lble. As to tbe result mentioned under 10. I 
think it may be accepted withont any restriction 1). 

Physics. - The galvanornagnetic and thermomagnetic phenomena in 
bisrnuth, by DJ'. E. VAN EVERDINGEN JR.' (OommttnicatiolZ 
No. 42 (rom tlte Physical Laborato1'y at Leiden, by Prof. 
H. KAMERLINUH ONNES). 

In order to explain the galvanomagnetic and thermomagnetic 
phenomena RmcKE ~') assumes that a galvLlllic CU1'rent is always
accompanied by a eurrent of heat, and a cUl'rent of heat by a gaJ
vanic cUI'rent. The basis of these hypotheses lies i!l WEBER'S theory 
of the conduction, of electricity and heat in metals ; in this theory 
also the conduction of heaL is ascribed to the motion of charged 
particjes almee. 

The veloeities of the positi ve and negati ve partieles are: 
for a slape of potential of 1 O. G. S. unit per cM. u and - v 

for a slope of temperature of lOper cM. gp and gll' 

In the magnetie field H a positive ion with the velocIty U is 
acted upon by a force H U for eaeh unit of electrieity. 

RLECKE assumes further that the velûcities in the direction of this 
force of the particles are zero in the state of equili brium in the case 
ot tbe phenomenon of HALL j the equilibrium is reaeherl uy the 
eombined action of a difference of potential alld of temperature 
between the sides of the plate. 

In this way he finds for the eoefficient of the galvanomagnctic 

1) WHh great pleasure I acknowledge the ossistl1nce given by Mr. C. ScrrouTD in 
the mensurements, necessary for the experiments. 

2) Gott. Nochr. 1898. 


