Paper 2
The Continuation of Newton's Diffraction Experiments

Helmut Nieke

Abstract

Newton's diffraction experiments are continued in a schlieren apparatus. The image of dit consists of a
double-stripe with a small dark space at ever place of the image d an edge. This is to expect by
Newton's diffraction experiments but with new details. The breadth of a double-stripe is < 0.1 mm
dependent to aperture of imagery. With masking of orders in the diffraction figure can determine ever
order two places of bent light in the dit image. An attaching within the ader did not succeed.
Measurement technique, diffractive-optics and diffraction-limited-optics are fields of technica
applications.

. Introduction

Nieke [1] reported about Newton and Fresnel diffraction experiments. Indeed, Newton's
diffraction experiments were no more noticed unjustifiably after 1850. As motive is to consider that
Newton [2] could not establish his diffraction experiments with (punctiform) light-particles, whereas
Fresnel [3] could caculate borderline cases of diffraction by waves, but not Newton's diffraction
experiments. By leaving out of Newton's diffraction experiments important aspects of diffraction were
left out too. Newton [2] 111 wrote at the end of diffraction-experiments: ,,When | made the foregoing
observations, | designed to repeat most of them with more care and exactness,; and to make some new
ones, for determining the manner how the rays of light are bent in their passage by bodies for making
the fringes of colours with the dark lines between them. But | was then interrupted, and cannot now
think of taking these things into farther consideration. And since | have not finish this part of my
design, | shall conclude with proposing only some Queries, in order to a farther search to be made by
others‘. Obviously nobody was found to do so.

I1. Continuation of Newton's diffraction experiments in the schlieren apparatus

In these experiments there were already predecessors but without reference to continue
Newton. Banjeri [4] projected a punctiform light-source in the middle of the front-lens of a telescope.
In this optical-path stood the investigated object so that it was transited perpendicular. The image of
light-source was masked and the telescope sharply focused on the diffraction-object. Because he

Figure 1. Experimental arrangement for diffraction experimentsin a schlieren-apparatus according to
Abbe. Lt - light-source, a super-pressure mercury lamp or a laser. C - condenser f' 0.90 mm; (F - filter
for mercury lamp); H - hole-diaphragmin the image of Lt pinhole diaphragmf 1 ... 0,1 mm; O, - lens
1; objective f' = 400 mm; S- diffraction slit or half-plane; Li - incident light source; O, - lens 2,
objective f = 400 mm; SD - schlieren-diaphragm, lesslarger asH'; S -image of S, thisimageisto
view with a magnifier or the place of photo-plane or television-layer. Dot-lines shall indicate bent
light.



proceeded from a cylinder-wave that goes out from the edges, the exact image of edge was of no
interest for him. However, he wrote: ,,... more or less well define regions lying near the boundary of
the aperture.” He aready reported from the dark stripe between the two bright stripes and carried out
masking.

Noack [5] described the image of a half-plane in a schlierenapparatus as a ‘ peculiar diffraction
interference’ . He found a double fringe accompanied by equidistant fringes. Laue [6] reported about
similar resultsin dark-field illuminations.

Figure 1 shows a drawing of the used schlieren-apparatus

\\ by Abbe. A high-pressure mercury lamp with green filter or a He-

i \ Ne laser (by radiation-enlarging without C till O;) can be applied as
k light-source. A narrow hole-diaphragm H is illuminated and the
objective O, produces paradld light. The dit or half-plane as the
examined objects are placed in this path of light. Shall this object be
o imaged in the same size, so follows the second objective G in
distance of double foca-length as image-objective. In the image-
sde focus of this objective O, is standing the schlieren-diaphragm
¢ SD that catches the image of hole-diaphragm H’, therefore the non-
diffracted light contributes nothing for the image. The field of
image is practical dark without diffraction object. In the image-
plane of object S is caught up the image of dit or half-plane, it can
be viewed with a magnifier, caught by ground-glass, screen, or
photo-plate. With the named light-sources the image is too light-
faint for projection in a lecture-hall. Therefore the image of the dit
v S was imaged on the light-sensitive layer of a television-camera
without optic. So this experiment can be shown brilliant on

Figure 2. Show experiment asline- tElevision-screens.

drawing (negative) with apparatus The results of this Q’]OW'eXperlmmt ae reprmted as
figure 1. drawing in figure 2. Figure 2a shows the position of the st in
a: imageofasdlitinincidentlight, incident light. Figure 2b shows the image of the dit in trans-
b: imageofaslitinaschlieren-  jllumination in a schlieren-apparatus. This image consists of two

apparatus, . double-stripes inside and outside the edge-images ever a small dark
c: onesideof thefigure of space is to find in the place of every edge-image. The sharpest

diffraction is masked before O,,

d: theother sideis masked, image is to get if the size of schlieren-diaphragm is set so, that it

e negative schlieren-apparatus, maske_d _the zeroth order and the edge_ of schlieren diaphragm Ii(_as_ in
instead schlieren-diaphragm a the mini mum between zeroth and first or_d_er. Thg Ilgh_t-senstlve
hol e-diaphragm. layer of this cameraworks hard so that additional diffractions at the

schlieren-diaphragm are scarcely observable, direct with the eye
they are to observe but easy recognizable as such. On principle such
disturbances are not completely avoidable for the intensity in a minimum is not nought in contrary to
calculations or congtructions by wave theory, especialy not in minima of lower aders. An objective

O, with long focal- length diminishes this disturbance. A half-plane delivers only one double-stripe as

image of the edge in a schlieren-apparatus.

If one half of the diffraction figure of dit is masked in front of the objective O,, with the same
result one can also be masked one side beside the schlieren-diaphragm, so result in figure 2c only two
sngle stripes. The other side of the diffraction figure is masked in figure 2d and so the other parts of
double-stripes are to see. If the intensity of illumination is sufficiently reduced, that no irradiation
takes place, so the schlieren-diaphragm can be subgtituted by a hole-diaphragm that let transmit only
the zeroth order. The edges of this diaphragm have to stand in the first minima. So in figure 2e isto
see that the zeroth order illuminates only the middle of dit-image.

I11. Discussion of the results in the schlieren apparatus

With knowledge of Newton's diffraction experiments the results in a schlieren-apparatus are
not astonishing, for indeed bent light comes only out of the narrow surroundings of every edge as
Grimaldi’s luminous edge. These results bring still essential details.

Natural it is astonishing that the outer part of every double-stripe seems to come from the dlit-
jaws, this light must be displaced latera. Lotsch [7] reported of lateral displacing of light in total




reflection. He reported of displacing up to 20 wave lengths. The spectroscopists was known long that
every dit image was spread, for ex- ample Brauer and Frohlich [8]. Now this can be established with
the shadow-side displacement of shadow-side bent light.

At al phenomenais to notice that the position of bent light is shown in the dit image, but not
where that light has passed the
dit. The dark intermediate-
stripe between every double-
stripe shdl be interpreted as
trace of the displaced light. By
change of dit-width only the
two double-stripes are
correspondingly shift, at a dit-
width of 0.1 mm the two
lI double-stripes  touch another

and 01 mm is aso the
(maximal) breadth of one
double-stripe. The redl
observed breadth is dependent
on aperture of imaging-optic
and angle of observation as
Newton aready had shown.
Newton [2] Il 5"
observation viewed the
shadow-side bent light of a
haf-plane that passed the edge
Figure 3. Photometer curves of the negatives of slit-imagesin the in a distance below about 0.03
schlieren-apparatus figure 1 with partial masked diffraction figuresin front millimetre Newton did not
of thelensO,. H: f 0.5mm; S: dlit0.2mm; @' : a= - 5. All negativesare report about a shadow-side
equal the>t<po§d o:e:the sa_rrrﬁ pclﬁ';e or:g ov;ar anot.her. an tzékentvyic}h ttrr:e displacing of bent light. Newton
same photometer setting. The diffraction fringesinside and outside the :
doubl 2 stripesareleft o%t because they are cgused by diffraction at the 3?;?(;\/,&;\3"; hst)heh?/gn?;dcgﬂllg
schlieren-diaphragm or the mask plane. ® - more than half masked ) !
including the 5™ order, O - till the 47 order. ® -till the 3° order, & - till  G1SCOVer & most the half of one
the 2™ 2 -till the 19 order, 4 - till the 0" order. Traced curves: the double-stripe.
whole diffraction figure free.
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IV. Masking of diffraction
orders by steps
The diffraction figures had been masked in front of imaging objective O, step by step
respectively in minimum for observation the attaching of orders of diffraction and spheres in image of
dlit. In figure 3 the half of diffraction figure was aways masked and every farther masked order is
marked between the photometer curves. In figure 4 was more than the half of diffraction figure free. It
was hecessary to reduce the exposure time for irradiation appeared and there was new adjusted. With
these tests are proved an attaching of order in the diffraction figure to the place in dit-image. Every
order is attached two spheresin the dit-image
In order to show with one photo the whole phenomenon, the diffraction figure was masked
obliquely before the objective O,. At the top of figure 5 only the highest orders of one side contribute
to image of dit, whereas below all orders of both sides took part. It isto remark that the objective O,
causes an imaging and so exists a focusing where the two part-stripes of a double-stripe must cross
(but of cause not the two double-stripes). This position is not to find with the eye for our eyes
accommodate always on the dark stripe between the part-stripes.

Therefore Banjeri [4] and Noack [5] aways reported from this dark stripe. In figure 5a the
focusing- plane lay something before and in figure 5b something behind this crossing-plane.

In the attaching of diffraction-order and dlit-image there exists arestriction. A masking in the
diffraction figure in a schlieren-apparatus is only practicable in a minimum, for within a maximum
there appear additiona diffraction at masking-plane that disturb the attaching in dit-image.



Paper 2
V. Comparison with Heisenberg' s uncertainty relation

The sizes of luminous spheres are to compare with the statements of Heisenberg’s uncertainty
relation. According to Heisenberg [9] results with Dx Dp, > h the uncertainty of locality to Dx > d/
mwith d as grating-spacing or dit-width (the formulae for grating or dlit in great distances differ only
by the factor 2, but Heisenberg related only on grating) and m the order. For m = 1 the uncertainty of
locality would be the dit-width,
a determination in the dit would
be impossible. As present usual
isto place Dx Dp, > h/ 4 p but
leaving the impulse by Broglie
pc=h/l,soresults Dx>h/4p
m. Therefore about 1/12 of the
dit-width would be anaysable
withm=1.

Durchlassigkeit

In every case, this
caculation is incorrect for
diffraction at the dit, for bent
light is coming only out of the
narrow surroundings of edges as
Newton [2] showed and Nieke
[1] confirmed. In a schlieren
apparatus the images of dit
contain out of two double-stripes
that are independent of dit-
width, the dit-width determines

Figure 4. Photometer curves asfigure 3 but with a new setting and a 0n|_y the spacing of bOth double-
shorter exposuretime. - - one half and the 0" order masked, O oneside Stripes.  Therefore Heisenberg's
and the 0" order free, ® - additional the 1% order free, & -additional ~ Uncertainty  relation is  not
the 2™ order free, £ - additional the 3" order free, .- additional the ~ @pplicable for diffraction at dlit.
4™ order free. These experiments show the

localization of bent light and
permit only the statement that the order is the limit of localization in a dit-image. The exactness of
localization in the dit self is limited by displacement of shadow-side bent light or the eel-like motion
of light-particles or photons, but this does not make uncertain the fact of localization.

‘|

V1. Published farther experimental papers

Newton [2] reported in |11 6" observation that with a dlit-width of about 0.0065 mm the zeroth
order is splitting up. Arndt a. Nieke [10] controlled this and established that during a contraction of
dit-width at narrow dlits the zeroth order split up indeed. However, after some second at constant dlit-
width disappears the split-up. If asplit-up appears by a constant dit-width, Newton had this marked in
his drawing of diffraction at the triangular-dit. Thisis therefore a physiologic effect during enlarging
of intervad of diffraction fringes. This effect is easy to demondtrate with alaser in alecturehal, but by
known effect thisis aso to observe by illumination with conventional light-sources.

Nieke [11] showed that the diffraction figure of double-dlit resulted aso if the so called
coherence-condition was violated extremely. That happened when the illumination-dlit had such a
width that the first or a higher order dropped in ever a single-dlit and the zeroth order on the
intermediate-stick.

Ganci [12] let drop the light of alaser grazing at the edge of a half-plane and focused the light
with a cylindrica lens on the intermediate-stick of a double-dlit. The bent light yields nevertheless the
diffraction figure of double-dit although the so called coherence-condition was violated. Ganci tried to
explain this with the transform by Rubinowicz [13] as edge-diffracted wave.

In both cases Newton's diffraction experiments gave an explanation. The bent light comes out
of narrow surroundings of every edge of silt or half-plane and the unbent light is masked by the




intermediate-stick of double-dlit. In both papers only the bent light caused diffraction at the double-dlit
and this comes only out of a narrow sphere of edge, and for it the coherence-condition was
accomplished. Nieke [11] could interpret his results corresponding to the double-star experiment. The
double-star is replaced by both edge-spheres out of bent light is coming. The interpretation of
Rubinowicz [13] is to sort out, for from aluminous sphere of an edge can not be formed a line-integral
and a sphere of dit-

Figure 5. Image of a slit 0.25 mmin a schlieren-apparatus figure 1 with a scale-ratio
a :a=1: -1 30° oblique masked diffraction-figure before O, , with 12 visible
orders. O; and O, f'- 320 mm, the negatives are ten folds enlarged.

a: filmin front of the overcrossing plane,

b: film close behind this plane.

width of bent light does not exist.

VII. Technical applications

The consideration of shadow-side displacing of shadow-side bent
light appears importantly for measurement technique by commutation from
incident- to transmitted-light and also by switching from bright- to dark-field.

For high-performance lens with diffraction-limited correction and

aready previously in microscopicaly observation was found empirically an
optimal imaging of the aperture of illumination amounts 0.6 to 0.8 parts of
aperture d objectives. For example Hoffmann [14] interpreted this as part-
coherence and this value is denoted as coherence-parameter. According to this
paper this optimum is to interpret, that at a smaller aperture of illumination
the border-parts of aperture-digphragm are less illuminated as the middle.
Because only near the edge passing light is diffracted so the influence of
diffraction will be smaller if this intensity is smaller. It is to notice that here
the diffraction results at the aperture-diaphragm, Abbe's theory of imaging
considered diffraction at the object which is limited by aperture-digphragm.

Knop [15] described that diffractive optics have exhibited in dramatic
manner the insufficiency of Huygens approximation. By this paper this
consequence by Knop is caused only by wave-interpretation which has no
experimenta foundation. Already by Newton's proof of localization of bent
light was refuted the possibility of diffractive opticsin such aform.

VIII. Generd discussion

According to these facts one would ask the question why wave-theory

of diffraction could keep so long. The answer is simple: Newton and his

3 b follower could not establish diffraction with light-particles, which are only

thinkable as mass-points, for a force perpendicular to propagation-direction of

light is not provided in Newton's mechanics. On the other side the wave-

theory offered for large distance calculations and explanations were

considered more importantly as the whole experimental security. To the begin of our century, as the

quantum nature of light was discovered, one had to give Newton redlly right, but nothing was atered

in the case of impossibility of explanation diffraction with punctiform particles of light or photons. So
retained for diffraction Fresndl's wave-interpretation.

Newton was right if he asserted that light never can be a wave, he had proved this with his
proof of transformation of inner to outer diffraction fringes and the localization of bent light. Marshall
[16] discussed the locality-debate. Newton's dif fraction experiments brought the decisive experiments
for locd realism in diffraction. There are no doubts: The extrapolation of diffraction of outer fringes at
the dit (formula (1) by Nieke [1]) to the distance nought or in the dit-plane was inadmissible and
wrong.

The remark that for punctiform light-particles or photons as mass-points no explanation was
possible, give the supposition that with space-filling, therefore with structure, seems possible an



explanation. Indeed, off 1960 to al elementary particle are attached a structure, for it is to cal the
name of Hofstadter [17]. Also heavy elementary particles show the phenomenon of diffraction as for
example reported by Carnal and Mlynak [18]. These particles have uncontested a structure that causes
diffraction as deflexion, for nobody will suppose that atoms extinguish themselves.

First further experiments shall be put forward to obtain sufficient knowledge that permit an
interpretation.

References

1 Newtons Beugungsexperimente und ihre Weiterfiihrung
Halle 1997, Comp. Print 1, Arbeit 1
(vorhanden in vielen Deutschen Universitétsbibliotheken);
H. Nieke, Newton's Diffraction Experiments and their
Continuation. Halle 1997, comp. print 3, paper 1
(available in some university libraries).

2] I. Newton, Opticks, or a Treatise of the Reflexions,
Refractions, Inflexions and (Colours of Light. London 1704);
Opera quae exstant omnis, Tom 1V, London 1782;
Optics. Reprint Bruxells 1966;
Optitk 11 + 111, Ubers. W. Abendroth,
Ostwad' s Klassiker Nr. 97, Engelmann, Leipzig 1998;
Neuauflage: Bd 96/97, Vieweg, Braunschweig 1983
Optique, Trac. J. P. Marat 1787; Bourgois, Paris 1989.

[3] A. J. Fresnd, Oeuvre Completes|. Paris 1866;
Abhandlungen Uber die Beugung des Lichtes.
Ostwalds Klassiker Nr. 215, Engelmann, Leipzig 1926

4] S. Banerji, Philos. Mag.(6) 37 (1919) 112.

[9] K. Noack, Phys. Z. 23 (1922) 228.

[6] M. v. Laue, in: Handbuch der Experimentalphysik Bd. 18
Akad. Verlagsges., Leipzig 1928, S. 349-350.

[7] H. K. V. Lotsch, Die Strahlenversetzung bei Totalreflexion:
Der Goos-Hanchen-Effekt. Diss. T. H. Aachen 1970.

[8] K. H. Brauer u. F. Frohlich,
Experim. Techn. d. Physik 6 (1958) 216, Abb. 4.

9 W. Heisenberg, Die physikaischen Prinzipien der Quanten-
theorie. 2. Aufl., Hirzel, Leipzig. 1941. S. 9 - 14, 57 - 59;
The physical principles of quantum theory, Univ., Press,
Chicago 1930.

[10]  H. Arndt u. H. Nieke, Z. Psychologie 193 (1985) 295.

[11]  H. Nieke, Exper. Techn. Physik 31 (1983) 119.

[12] S Ganci, Am. J. Phys. 57 (1989) 370.

[13]  A. Rubinowicz, Ann. Physik (4) 53 (1917) 258;
73(192.7) 339.

[14]  Ch. Hofmann, Fortschr. Physik 27 (1979) 595;
Exper. Techn. Physik 28 (1980) 403.

[15] K. Knop, Phys. BI. 47 (1991) 901, Zitat S. 904.

[16] T.W. Marshdl, Found. Phys. 22 (1992) 363.

[171 R. Hofgtadter, Rev. Mod. Phys. 28 (1956) 214,
Phys. Bl. 18 (1962) 193.

[18] O.Carnd u. J. Mlynek, Phys. BI. 47 (1991) 379,
Phys. Rev. Lett. 66 (1991) Nr. 21, 2639-96.



