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Abstract. if one plots a fimctio~: i~: Malhcad (or a~7other math program) one has to
define the x-vahtes of the po#Tts to be plotted. These points are then succ’e,sw¢velyjo#Ted
~V a #he. 14/hen plotl#~g a repetitive .fitncl~on, with the point spaci~g bigger tha~ its
repetttion length, a ~Tearly e~v’at~c plot ts the result. The same can be done with co~vtour
plots’. Here the contours are inte~Tolated as well but they depend o~ the W-values of the
grid points. Some pattern designs extracted f!~om the a~imatio~7 resu/tin~ .{?am th~s
improper way oJ~lottmg are shown.

INTRODUCTION

The pattern design started from a camera obscure or pinhole calnem. One of the
disadvalttages of tiffs caniem is the veu long exposure time il needs. A solution for lhis
problem may be tile use of a zone plale. Such a plale can be plotted wilh any malh-
program, printed, photographed and reduced on microfihn lo the appropriate dimension.
The plotted function is shown below as a surface plot 0niddle) and as contour plols.
The contour plot with 2 levels (left) is a Fresnel zone plate. A Gabor zone plate (righl)
is the result when we plol it wilh an infilffte number of levels fi’om wlffte to black,
resulting in continuous greyscales from high to deep.
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The illuslration below explains the geometrical optics of the Fresnel zone plate, based
on the interference of light. The ray in black has constructive, the one in white has
destructive interference in the focal point with the central ray.

FRESNEL ZONE PLATE

light yz plane xy plane

In order to define lhe pattern for the zone plale we start from the focal point. We divide
the distance D by the wavelength and express it as a cosine function to obtain the
amplitude in lhe z direction.
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(~/x~- + v~- + f’-amplitude=cos[" -~     2~c

ff the funclion is posilivc, tt~is my has construclive inlerferencc, if nol deslmctive
interference with the central ray in the focal poinl. If we eliminate now the rays with
destructive inlefference by use of black rings we have an amplificalion of
monochromatic lighl in ne,~rly the same way as wilh an ordin~ lens (in fact things are
more complicated ltmn explained here). A Fresncl zone plale with only black and
transparent rings has not a sharp focal poinl for a given wavelength. A Gabor zone plate
corrects this.

However, a disadvantage of such a zone plate is the big chromatic aberration, as ils
focal distance is to a high degree depending on the wavelength. The use of a green filter
gives a substamial amelioration, because green is one of the addilive main colours
(RGB), and these main colours give a more monochromatic light. Besides, as there is a
lot of green light in normal wlfite lighl, we lose less light with a green inslead of a red
or blue filter.

PATTERN GENERATION

The surprise at first was big when the result below, with 5 levels was obtained.
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After, yards the explanation was very simple; the comour plot above was made wilh a
9x9 matrix (for a "quick" resull). The plol program then interpolates the conlours (see
the last figure in the paper), For a more correct plot a grid wilh much tffgher density was
needed (and a lot more of rendering tilne).

The first disi!lusion turned to curiosily; the lens design switched to paltem design.
Experimeming with exactly the same formula, but wilh oilier grid values (1 lxl 1, 13x13
and 15x15 matrix), patlems as illustrated below are obtained.

Only by changing lhe grid densi|y, a nearly infilffte number of differem patterns can be
generated from one and the same formula.

The question arises whelher the palterns can continuously be transformed into each
other lo make mfflnations. Tiffs is impossible by changing lhe number of grids, as we
need inlegers to build the matrix for lhe contour plot. Bm gradually changing lhe ~,-
value can do the job (also "f" can do i0.

The nexl illuslralion shows such a continnous tmnsfo13nalion of a paltem wilh the same
grid densily by changing lhe )v-value step by step.
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200 1~ = 0 201 X = 0 202

203 X = 0 204 X = 0 205

The pattenls took too homogeneous. Therefore the amplitude is scaled from centre to
edge. The figure below illustrates the principle of the erratic plot and the result of the
scaling.
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The d~screte function ~s more correct m the centre than at the edges Before scaling

The intersections of the continuous function w=th the vertical grid g~ve the points to fill the matnx
The contours are interpo{ated by the intersections of each grey shift w~h the discrete function

Scahng the function g=ves a d=fferent~ation of grey and density from centre to edge After scaling

After careful experimenlalion wilh dfffcrenl slep and scaling values, file final atfimation
"MAT~MIUM 2002" was made. The mini-animalion on the Matomium website is
made for interact use, as the original animation was 80Mb!
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