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The World as Will and Representation
(written in my home town—1818)

• We perceive the world as we “want” through our 

biased, mediated senses

• How do others perceive us, our surroundings?

• What is the actual objective state (truth)?

• Does it even exist?

• How do we know whether we are awake or asleep?

• Ancient “The Matrix”

Everyone Perceives the World Differently

Perception

This is not only a philosophical questions!
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Physics and Art

A picture speaks more than thousand words
You’d better spend thousand words when thinking about creation.

Integrating arts with sciences enhances
inclusion, dissemination, understanding, education.

Rational, logical
Precise, approximative

Abstract
Mathematical equations

Emotional
Abstract
Technical

Perspective, colorspace

Creativity and creationPhysics Art

Man-made visualization or 
demonstration

Cave drawing, sculptures, light, 
materials sciences, virtual reality

Seeks to relate phenomena of 
nature to mathematical constructs 

and predict causality
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Goals

Engage students and general public

Soften boundaries between natural 
and liberal sciences

Make STEM education more interesting 
and less abstract

Improve conceptual 
understanding

Visualize physical mechanisms to 
foster understanding

Create art from 
physical principles
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Straights and Circles

Attention to details and precision. Perseverance. Hand drawing and/or computing skills.
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Lissajous Curves
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[1] https://sites.dartmouth.edu/biomed/2015/04/21/the-harmonograph-
a-new-exhibit-at-the-matthews-fuller-health-sciences-library
[2] http://harmonographs.freewebspace.com/photo.html
[3] Copyright © Conor Lawless

Harmonograph with Coupled Pendula

Eigenfrequency should 
be slightly different.
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ling factor for attracting attention. These studies did not give
much importance to saturation, which was found to be
another determinant factor in this study.

Egusa12 suggested that an increase in saturation would
promote “nearness,” and consequently attract attention. This
statement was verified by the findings of the experiment.
The Mount et al.10 study emphasized the importance of
brightness and saturation contrast on apparent advancement
of a colour. The condition of this contrast relationship was
set as increasing the brightness and saturation of the fore-
ground object compared to its background. Due to the
design of the experiment, the results of this study do not
provide support for contrast relationships. All the back-
ground colours viewed were of maximum saturation and of
maximum brightness. There was no option for the partici-
pant to choose a foreground colour square which was “more
saturated” and “brighter” than the background. Thus, the
contrast relationship suggested by Mount et al.10 has not
been tested within the scope of this study.

The participants chose the brightness-saturation 100%
range colour squares on brightness-saturation 100% back-

ground colours. Thus, the brightness and saturation levels of
the background and the foreground were selected to be the
same. It should be noted that this study used the HSB
system. The variations between this system and the more
commonly used CIEL*a*b* system is discussed in Appen-
dix C, Table C1.

In general, cyan (19%), magenta (15%), red (15%), yel-
low-green (13%), and green (13%) attract attention on any
background colour (see Fig. 2). Thus, the red, magenta
range (30%) and the yellow-green, green, cyan range (45%)
on the colour circle attract the most attention. Luckiesh3,
Mahnke and Mahnke6, and Egusa12 emphasized that red was
apparently “nearer” or “advancing” in the visual field. Data
from the experiment demonstrated that red, magenta range
competed with yellow-green, green, cyan range in attracting
attention. There is no evidence in the present research that
suggests red wavelengths to be more capable of attracting
attention than other hues. Blue (9%), the non-colours of
white (6%) and black (4%), yellow (3%) and purple (3%)
attract attention the least on any background colour viewed
(see Fig. 2).

Cyan attracts the most attention on red (33%) and yellow
(41%) backgrounds. Magenta (30%) and red (17%) attract
attention on cyan background. Red attracts attention on blue
background (35%). No statistically significant hues stood
out for the background colours of yellow-green, green,
purple, and magenta in terms of attention. However, the
following can be stated. Magenta and cyan may attract
attention on yellow-green (29% m., 30% c.), and green
(28% m., 26% c.) background colours. Red, yellow-green,
and green may attract attention on purple (26% r., 21% yg.,
21% g.) background. Yellow-green and green may attract
attention on magenta (46% yg., 29% g.) background (see
Table 1).

Concerning the initial hypotheses, the experimental re-
sults show that:

FIG. 2. Percent-scale of attracting attention for hues on
any background colour.

TABLE 1. Hues that attract attention on specified backgrounds.

* No statistically significant hues were differentiated for these background colours, thus tendencies from response distributions have been
included.

24 COLOR research and application
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[1] Nat. Commun. 11:5444 (2020); Col. Res. Appl., 29, 20 (2004).

Catching Attention

Resolution, style, contrast, color matter.
Switch between styles to avoid repetition.

jet

Original

batlow

a

b c

Fig. 1 The superiority of scientifically derived colour maps. By knowing what something looks like in advance, the distortion by unscientific colour maps,
like jet or rainbow, becomes instantly obvious. The look of scientific data is, however, usually unknown a priori, which makes the distortion of an
unscientific colour map, and the true data representation of a scientifically derived colour map, like batlow41, less apparent. Marie Skłodowska-Curie, as
originally photographed by Henri Manuel around 1920, the Earth from space, and an apple are shown a in their original images and b in distorted and c in
undistorted colour versions. Inferring the true picture from an unscientifically (e.g., jet) coloured data set is incomparably harder than from a data set
represented in a perceptually uniform and ordered colour map, like batlow41.
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Fig. 2 Colour vision tests. Available perceptually uniform colour maps versus the non-uniform rainbow (i.e., jet; bottom row) as seen with either of the
three common forms of human colour-vision deficiency (deuteranopia, protanopia, and tritanopia), and for grey-scale (representing total colour-blindness
or simple black-and-white prints). Rainbow, the most-widely used colour map, fails to reproduce a meaningful smooth gradient, yet the other colour
maps (see Box 2) are all universally readable.

NATURE COMMUNICATIONS | https://doi.org/10.1038/s41467-020-19160-7 PERSPECTIVE

NATURE COMMUNICATIONS | ��������(2020)�11:5444� | https://doi.org/10.1038/s41467-020-19160-7 | www.nature.com/naturecommunications 3
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Rayleigh Scattering
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Scatterer < 0.1 wavelength
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Huygens' Principle

Interfaces are defects that scatter.
Every point on wavefront is the 
source of spherical wavelets that 

interfere with each other.
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n1 sin ✓1 = n2 sin ✓2

Refraction

[1] https://en.wikipedia.org/wiki/Huygens–Fresnel_principle
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Optical Illusions by Refraction and Reflection
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https://www.lindengledhill.com

Copyright ©  Linden Gledhill

Thin-Film Interference

Reflected
Light

Incident
Light
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Prism Refraction

Copyright ©  Melanie Laederich; David Parker

Wavelength dependent refraction (dispersion)
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Rainbow Formation by Droplet Refraction

Refractive index of water:
 1.331; 1.332; 1.333; 1.335; 1.338; 1.342 

 42.5˚; 40.6˚ 
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Salt water and oil have a larger 
refractive index and cause 

smaller rainbows

[1] https://en.wikipedia.org/wiki/Rainbow

Color of rainbow is caused by different droplets (red from higher or closer droplets)
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Interference and Polarization Alternation by Crystals
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Moire Interference Pattern in Misaligned Lattices

Proper electron orbital hybridization 
enhances conductivity
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Kikuchi Pattern by Electron Backscatter Diffraction

Intersections indicate 
crystal axes

Multiple inelastic scattering 
events in thick crystals

Diffuse scattering due to 
phonons
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Electromagnetic Waves

Particle Wave

Dualism

� =
h

p
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Superimposition of coherent waves causes interference fringes

k

�

Spatial	coherenceTemporal	coherence

k k0

Interference

Multiple coherent sourcesScattered and un-scattered waves
In-line and off-axis holography
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Scale bar is 100 nm.Magnetic domain walls Topological magnetic states in amorphous films

Vortex formation in dipolar systems

Copyright ©  Robert Streubel
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Vortex Beams with Orbital Angular Momentum
Happy Holidays

wishes Robert Streubel

Copyright ©  Robert Streubel [1] M. Padgett et al., Physics Today 57, 5, 35 (2004).

Momentary 
intensity

Integrated 
intensity 

Optical light
Electrons

X-rays 

Fraunhofer diffraction pattern

Grating
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Five-fold quasicrystal
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Topological Magnetic States
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3D Printed Mathematical Art
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[1] Copyright © Robert McGregor 
[2] Copyright © Janet Lowry
[3] Copyright © Friedrich A. Lohmueller

The Persistence of Vision Raytracer

Mathematical equations and 
physical properties of light
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Magnetization in Superparamagnetic Nanoparticles

Copyright ©  Robert Streubel
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Focused ion beam etching of semiconductors

Wet chemical etching of chromium Copyright ©  Robert Streubel
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Coexistence of Regular and Chaotic Motion
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pn+1 = pn +K sin ✓n+1

Circular motion experiencing a constant force K
Angular dependent torque
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<latexit sha1_base64="B0nNFUg6Uqt9oLjZeHEeRx1bWFA=">AAAB6HicdZDLSgMxFIbP1Futt6pLN8EiuBoypdR2V3TjsgVbC+1QMmmmjc1cSDJCGfoEblwo4tZHcufbmGlHUNEfAofvP4ec83ux4Epj/GEV1tY3NreK26Wd3b39g/LhUU9FiaSsSyMRyb5HFBM8ZF3NtWD9WDISeILderOrzL+9Z1LxKLzR85i5AZmE3OeUaIM68ahcwXbNqeIGRtjGS6GMNOu4iZycVCBXe1R+H44jmgQs1FQQpQYOjrWbEqk5FWxRGiaKxYTOyIQNTBmSgCk3XS66QGeGjJEfSfNCjZb0+0RKAqXmgWc6A6Kn6reXwb+8QaL9hpvyME40C+nqIz8RSEcouxqNuWRUi7kpCJXc7IrolEhCtcmmZEL4uhT9X/SqtlO3a51apXWZx1GEEziFc3DgAlpwDW3oAgUGD/AEz9ad9Wi9WK+r1oKVzxzDD1lvnxw9jSk=</latexit>p

K

K could be air flow or 
gravitation.

Phase space representation (theta, p)

mailto:streubel@unl.edu


Copyright ©  Robert Streubel



Robert Streubel | streubel@unl.edu 32

Quantum-Mechanical Oscillator

Probability 
density of particle 

in phase space

Copyright ©  Robert Streubel
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Air Vortices

Turbulences form at edge and move faster for small separation.
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Air Turbulences Around Wings

Copyright ©  Matthias Maier

Reynold’s number is about 3 million.
Vortices with opposite circulation form on opposite sites and bound or annihilate.

Re =
r⇢v

⌘
⇡ Inertia

Friction

<latexit sha1_base64="6mfLHowx1U0kp/K3mVw2Gw9em88="></latexit>

p1 + ⇢gy1 +
1

2
⇢v21 = p2 + ⇢gy2 +

1

2
⇢v22

<latexit sha1_base64="7CFVcmVp/hQHvEkXvIkwNnI8Iig=">AAACKHicdZDLSsNAFIYnXmu9RV26GSyCIIQkVNSFWHTjsoK9QJuGyXTSDp1cmJkUQunjuPFV3Igo0q1P4qRNRYseGPj5/nM4c34vZlRI05xoS8srq2vrhY3i5tb2zq6+t18XUcIxqeGIRbzpIUEYDUlNUslIM+YEBR4jDW9wm/mNIeGCRuGDTGPiBKgXUp9iJBVy9evYtU7bvB/BXpopnyNs2VMwdK2OfRW79rdvL/h2x3b1kmmcmVlB0zDnIidWTkogr6qrv7a7EU4CEkrMkBAty4ylM0JcUszIuNhOBIkRHqAeaSkZooAIZzQ9dAyPFelCP+LqhRJO6c+JEQqESANPdQZI9sWil8G/vFYi/QtnRMM4kSTEs0V+wqCMYJYa7FJOsGSpEghzqv4KcR+pLKTKtqhCmF8K/xd127DKxuV9uVS5yeMogENwBE6ABc5BBdyBKqgBDB7BM3gD79qT9qJ9aJNZ65KWzxyAX6V9fgG+2KP5</latexit>

Static pressure Hydrodynamic pressureGeodetic pressure
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Water Turbulences Around Cylinder

Copyright ©  Matthias Maier

Reynold’s number is about 10 thousand.
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Single-domain Multi-domain

Super-
paramagnetism Ferromagnetism

Size

C
oe
rc
iv
ity

Ferrofluids
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[1] https://pinterest.com/Spikeartc/cool-ferrofluid-pictures/
[2] https://fractalenlightenment.com/14637/artwork/fractal-
sculptures-with-magnetic-ferrofluid
[3] https://pinterest.com/Spikeartc/cool-ferrofluid-pictures

Oil and water containing superparamagnetic nanoparticles are immiscible.
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Ferrofluids
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Ferrofluids

Interplay between reducing surface tension (sphere) and Zeeman energy (chain).
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Ferrofluids in Motion

Shape and size of droplets depends on magnetic field direction, strength, and gradient.
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Let’s Make a Splash
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