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Chromatische Aberration im menschlichen Auge
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The explanation is surprising. In principle the human eye is abad optical
device. It isnot an optically centered system. This means the fovea, that is
that part of the retina with which we see sharp, lies not on the optical axis.

It has also arelatively large chromatic aberration. This means that if you
look at a point light source which contains red and blue light, you will see
either ared point with ablue blurred circle or vice versa. Furthermore the
red point is not centered in the blue circle.
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If you look with two eyes at such a red-blue point source, the red image of
the source lies on another point of the retina than the blue image. In both
eyesjust in the opposite way. Your brain interpretesthisasif thereisan
image depth between the red and the blue source. The dashed lines leads to
the apparent image positions.

Thisislong known as Chromostereoscopy or Colour Stereo Effect. If you
know this effect you can see it with appropiate pictures or situations.

Theideaisnow simple: If it were possible to amplify the chromatic
aberration the colour stereo effect should be greater.
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Y ou can achieve this only with diaphragmsin the right position. As
diaphragms you can take your fingers. Or two pencils. Cover the inner
(nasal) half of the cornea with the diaphragms. Now the light can pass only
through the outer (temporal) parts of the cornea. And there, it is refracted
stronger because the incidence angle is larger. Thisleadsto alarger distance
between the red and blue image on the retina and thus to a greater stereo
effect.

This experiment needs some time and experience. If you are not successful
now, try it later. Try also what will happen if you cover the temporal parts
of your corneas.
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Another possibility to get alarger dispersion are gratings. But normal
gratings have several diffraction orders. This would be not appropriate for
our purposes. But for more than 100 years, astrophysicists have used so
called blazed gratings. They have always had the problem to analyze the
very weak light from stars. So they had to use al the light they could
collect. They have done it with a combination of reflection gratings with
etched prisms and these gratings are called blazed gratings.

About ten years ago, an American company developed a blazed
transmission grating. This sounds simple but was technologically very
difficult. And you find this product in these glasses. With the naked eye you
cannot see the grating. | have asked the company to give me the physical
data of their gratings but they refused to send me the details.
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That iswhy | asked a colleague in my physics department to analyze the
surface with aforce microscope and an electron microscope. Theresult is
this cross section. Y ou can see the prisms through which the light is
refracted. On the other hand, there is the grating by which the light is
diffracted. The right combination of both leads to the fact that — for one
wavelength — all the light is collected into the first order diffraction on one
side only. In redlity the prisms and grating are not perfect. Furthermore, you
have several wavelengths. This means that the efficiency of the blazed
grating is not perfect but sufficient
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Bei weilRem Hintergrund kann sich der Stereo-Effekt umdrehen. Wieso?

Bel weilRem Hintergrund gibt es an den Kanten der Buchstaben eine
spektrale Zerlegung. Die Farben der Kanten addieren sich zum weif3en
Hintergrund bzw. den Farben der Buchstaben und bewirken damit eine
Verschiebung auf der Netzhaut, die die Umkehrung des Stereo-Effektes
hervorrufen (siehe fir eine detailliertere Erklarung Campenhausen, Chr.
V.. Die Sinne des Menschen, Thieme-Verlag, Stuttgart)



| ‘t " Bookmiarks A Location: | htte: 2w, chiomatek, com/indes, shtml

www.chromatek.com

Many further examples exist on the homepage of the company which
manufactures these glasses. Y ou can order these glasses directly through the
internet.



LAWILEY-VCH Riumliches Sehen

Thisisthe cover of a popular German physics journa where | published an
article about the Colour Stereo effect. It isin German. But on my homepage
you can aso find an English version.

Artists have always made use of the colour stereo effect. Even without the
Chromadepth-glasses, red will appear in the foreground and blue in the
background.
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Auch in den USA erscheint eine Menge zur Spielzeugphysik.
Spielzeugphysik wird auch dort al's eine Mdglichkeit angesehen, mehr
Schiler fir Physik zu interessieren. Die National Science Foundation hat

viele Projekte dazu unterstitzt.
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+ Leitung des physikalischen Praktikums fiir Physiker

* Didaktik physikalischer Praktika (sieshe Publications)

*+ Physikalische Spielzeuge (siehe Publications bzw. Daten zum herunterladen Download hzw.
Physilcalische Spielzeuge im WER)

s Literaturdatenbhank zu physikalischen Spielzeugen

At the end, | am going to mention my own homepage, where you can find
many references. My own publications, but also many links for other web
pages related to physics toys.

Thereis aso a database for literature about physics toyswhich | try to
maintain.




