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A bidirectional calculation would mean that once a surface with a certain attribute is struck by 

light along a path, attributes of that surface would be plurally discerned, and a simultaneous, 

secondary path would be formed, and carry on in like manner throughout the scene before 

arriving at the camera.  Since Arnold is Maya’s inherent renderer, and is used in studio pipelines 

all over the world, unidirectional path tracing has been decided by the makers of Arnold to be 

the path tracing style of choice because of speed.  Simply, we cannot render boundary spectra 

with Arnold. 

 

We can, however, achieve the look with external help.  Prismatic shader algorithms are 

available for download to be plugged-in to most render engines, and rely on how the scene is 

modeled.  Models working in hierarchy with bidirectional rendering in mind are called nested 

dielectrics.69  This system, introduced in 2002 by Schmidt and Budge, is still widely the system 

used today.  The concept is that one refractive behaviour exists, or is nested, as secondary to a 

primary refractive behaviour.  The render of nested dielectrics may appear faithful to reality, 

but it is a calculation based entirely on the allocation of items within a scene. 

 

What if there was a way that Arnold could achieve boundary spectra using an intuitive, 

physically based approach, and continue to trace paths unidirectionally? Considering real lenses 

and prisms are solid pieces of clear glass, for a ray of light to enter, travel through, and leave 

the prism, the ray is passing through different states of matter: gas, solid, and back to gas.  

 
69 Schmidt, Charles; Brian Budge. “Simple Nested Dielectrics in Ray Traced Images”. Journal of Graphics Tools, 7:2, 
1-8. March 2002. Published online April 2012. Accessed August 2020 
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When a different medium is encountered by the ray of light, refraction, or the redirection of 

light, is the ray’s natural response.  Glass is denser than air, and so when a ray of light enters 

the prism, it slows down.  The law of optics that governs to what angle rays of light will refract 

upon entry of media is known as Snell’s Law.  Air and glass have established angles of 

refraction, according to their densities.  Implicit in its expression, Snell’s Law integrates turbidity 

in the falloff.  Below is an image illustrating the passage of a ray of light from air through glass, 

and back to air.  Note that the angle of the incident ray is the same as the angle of the 

emergent ray, as per Snell’s Law. 

 

Fig. 18. Nick England, AQA A Level Physics, Fig.  83, 2015 

 

In 3D, light passing through polygonal shapes does not work this way at all.  3D objects exist 

essentially as meshes, which can represent only surface qualities and behaviours.  Applying any 

surface attribute to a polygon, from Arnold’s aiStandardSurface to those for nested dielectrics, 

affects only the polygon’s mesh, and not its interior volume.  Index of refraction is an attribute 

of aiStandardSurface’s specularity, and not its transmission.   
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43_1) Catoptrical Colours is an examination of the attributes associated with roughness.  

Roughness, or the scruffiness of an appearance, acts as crude refraction; a forced redirection of 

light from an object’s surface.  The enhancement of the roughness attribute conversely tests 

the efficiency of the specular attribute.  Goethe explores roughness by scuffing up a mirror and 

placing it flat on the ground so that it reflects the sun.  He also pulls apart a metal spring 

enough for it to crack, and lets it bounce back together, observing how the exposed silvery 

indentations behave in the sun.  For this experiment, using the AiPhysicalSky with default sun 

settings at the apex, or “noon”, I combined Goethe’s doings, and, since the items of his 

experiments are metallic, over 100 frames I have animated the specular roughness of the two 

items, from 0 to 1 (the attribute at 100%).  Goethe saw that by scuffing up the surfaces from 

their intact state, reflection was skewed enough that the indentations made were reflecting 

upon themselves, creating an iridescent, diffused appearance.  This experiment tests the 

breadth of Arnold’s specular function, which yields these same results.  At the full roughness 

value, the surfaces are exactly as they should be: they are so rough that they become dull, and 

therefore, the whole scene appears darker.  The light that once was easily reflected is now 

maximally obscured.  From about 30% to 80% roughness, the spring appears to sparkle with the 

sun’s reflection as Goethe saw, and at this same point, the mirror demonstrates the halo 

phenomenon, seen in 30_2) Subjective Halos.  Even on a scuffed surface, the halo continues to 

validate boundary patterns seen in Parts I and II. 

 

Boundary spectra by their name are concerned with limits, and present themselves as potential 

laws of light, as seen in 30_2) Subjective Halos and 43_1) Catoptrical Colours.  For refraction to 
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occur in a prism, a boundary is necessary.  In the Conclusion of this paper, I argue that 3D 

boundaries are missing from a more robust Arnold, and I propose an idea alternative to nested 

dielectrics based on my intuition that this same boundary model is what affords AiPhysicalSky’s 

ability to represent natural phenomena.  Finite boundary concepts are further validated in the 

examination of Part III, steigerung. 

 

*** 

In Part III, Chemical Colours, light’s ability to create colour with coloured mediums is examined.  

Most notable in this Part is the phenomenon of steigerung: the augmentation of colour.  

Steigerung further validates the laws of boundary spectra as experienced when yellow 

materials redden in colour as observed through thickening or turbid media.   

 

Experiment of particular interest conducted from Part III: 

48_1) Augmentation of Colour 

 

48_1) Augmentation of Colour is an experiment which revealed a phenomenon akin to what 

Goethe saw in 30_2) Subjective Halos, and the boundary spectra in 39_1) Conditions of the 

Appearance of Colour.  On the subject of augmentation, Goethe wrote:  

 

“The augmentation of colour exhibits itself as a condensation, a fulness, a darkening of the hue.  

By increasing the degree of opacity in the medium, we can deepen a bright object from the 

lightest yellow to the intensest ruby-red.  This is one of the most important appearances 
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connected with the doctrine of colours, for we here manifestly find that a difference of quantity 

produces a corresponding qualified impression on our senses”.70  

 

In Goethe’s time, optical phenomena such as this were largely unexplained.  Yet to come along 

with significant contributions to the field were Hermann Helmholtz (b.  1821) and August Beer 

(b.  1825). 71 72 Even though Goethe believed that mathematical abstraction was a hindrance to 

the understanding of things, his observation in this experiment is now a practical marvel of 

physics known as Beer’s Law: a law which describes the attenuation, or gradation of light in a 

material through which the light is traveling.73  The denser the material, the greater the loss of 

light intensity within that material, and thus an appearance of darkening. 

 

In my online compendium, the animation of 48_1) Augmentation of Colour consists of a still 

frame extended for fifteen seconds to show the white cup and its yellow contents, with a blue 

stripe added to the interior surface of the cup in order to define its shape from lip to bottom.  

The settled yellow liquid seen in the still frame was created to fall into the cup as realistically as 

 
70 TOC, paragraph 212 
71 Hermann von Helmholtz was a scientist who made fundamental contributions to optics and mathematics.  
Helmholtz validated mathematically many philosophical assumptions on which much 19th-century science was 
based.  His greatest work is The Handbook of Physiological Optics (1867).  To read more on Helmholtz:  
Masters, B.R.  “Hermann von Helmholtz: A 19th Century Renaissance Man.” Optics and Photonics News.   
March 2010. pp. 34-39.  Accessed November 2019 
72 August Beer is known for his eponymous law which describes the attenuation of light as it travels through 
transparent materials.  Beer’s Law can be further explored here: Onorato, P.  “The Beer Lambert Law 
Measurement Made Easy.” Physics Education, Volume 53, Number 3.  April 2018.  Accessed November 2019.  
iopscience.iop.org/article/10.1088/1361-6552/aab441 
73 Goethe speaks about “prejudiced mathematicians” who are “prevented by occupation” from being enlightened 
from unbridled observation, not only with relation to colour but all phenomena.  He has also said: 
“Mathematicians are like Frenchmen; whatever you say to them, they translate it into their own language, and 
forthwith it means something entirely different” TOC, paragraphs 725-728 
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Maya and Arnold’s tools could provide.  Below is a Playblast animation from the scene’s 

perspective view, showing the location of the camera, and the application of dynamic particles 

assigned to behave as liquid, filling the cup seen in the final render. This animation is also part 

of the compendium, and can be viewed here: vimeo.com/451280364 

 

Fig. 19. Playblast animation, Autodesk Maya, created by the author, 2020 

 

It is important to show this crude animation as part of my process, however it is the last 

rendered frame of the settled liquid which reveals the success of the experiment.  As seen in 

the online animation, the liquid particles were assigned a yellow transmission colour as part of 

Arnold’s tools which include Beer’s Law in their functionality, and the cup was assigned as a 

passive rigid body; Maya’s method of creating barriers from polygonal mesh. 74,75  

Like what Goethe saw around the sun in 30_2) Subjective Halos, and the boundary spectra he 

described in 39_1) Conditions of the Appearance of Colour, this experiment is one which relies 

on a boundary in order to witness colour intensification – an effect Goethe called steigerung.  

 
74 As per the Autodesk webpage on Beer’s Law as it integrates with Arnold: The longer light travels inside a mesh, 
the more it is affected by the transmission color.  Therefore, green glass gets a deeper green as rays travel through 
thicker parts.  The effect is exponential and computed with Beer’s Law.  It is recommended to use light, subtle 
color values.  More here: Griggs, Lee. “Shading Glass and Liquid”. docs.arnoldrenderer.com. March 2019. Accessed 
March 2020 
75 Ford, Chris. “Rigid bodies”. Autodesk Knowledge Network. knowledge.autodesk.com. September 2014. Accessed 
August 2019 

https://player.vimeo.com/video/451280364?app_id=122963
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Although unable to produce boundary spectra in the prism experiments, Arnold considers 

Beer’s Law in its Transmission shader properties.  Further, barriers can be assigned to mesh as 

part of Maya’s particle library for the use of dynamics.  The combination of these two 3D tools 

however still does not cause the yellow liquid particles to intensify their colour.  This is due to 

the fact that many liquid particles working together are not programmed to satisfy a collective 

volume, even when they are contained collectively by an allocated boundary.  The Beer’s Law 

aspect of Arnold’s Transmission shader is therefore abstract, and is presented like its other 

tools as a slider for the user to dial up or down the intensification of the colour, causing Beer’s 

Law to activate off dialed calculation and not from volumetric objects within the scene.   

 

This points again to the polygon’s limitations as seen in the prismatic experiments 39_1) 

Conditions of the Appearance of Colour, 41_1) Grey Objects Displaced by Refraction, and 42_2) 

Coloured Objects Displaced by Refraction, where without volume, it is difficult to account for 

changes in refraction due to density, therefore neither Snell’s Law nor Beer’s Law are accurately 

attainable. 

 

Because of the limitations of mesh-based models, a strategy based on Goethe’s distinction 

between borders and edges may be useful in providing indications for rendering: “The colour 

which is outside, or foremost, in the apparent change of an object by refraction, is always the 

broader, and we will henceforth call this a border: the colour that remains next the outline is 

the narrower, and we will call an edge”.76 

 
76 TOC, paragraph 212 
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Conclusion 
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Is it possible to create a 3D-bounded space to allow for the phenomena of boundary 

spectra and turbidity? Goethe’s observation of boundary colours, and the increasing of colours 

(steigerung), is explained by how sunset increases to yellow-red because the sun is traversing 

turbidity in order to reach our eyes.  Looking through a prism at the boundary of black and 

white yields the blue and red colours we see in the sunset; the colours Goethe calls 

primordial.77  This effect is also seen in a cup of mildly coloured tea: the surface of the tea is 

pale but at its boundary at the bottom of the cup it increases to yellow tending to red, just as 

the blue of the distant mountains.78  In extending Goethe’s experiments with Arnold have I 

discovered specifically where Arnold falls short in the rendering of light with intervening 

turbidity. 

 

Given the shortcomings of AiPhysicalSky, we now have a specification against which 

improvements can be made.  Goethe’s catalog of human perceptions provides the acid test 

against which Arnold’s abilities can be measured.  This qualifies the promise of the new crop of 

real-world renderers, and how well they deliver on those capabilities. 

 

With this paper, a basic test suite has been developed.  This suite could be expanded to include 

a basic minimal definition.  Other renderers can be tested against this specification, and their 

differences and abilities qualified.  If I made the first steps in forming this specification, the task 

 
77 “We call these primordial phenomena because nothing appreciable by the senses lies beyond it, on the contrary, 
they are perfectly fit to be considered as a fixed point to which we first ascended, step by step, and from which we 
may, in like manner, descend to the commonest case of every-day experience”. TOC, paragraph 175 
78 TOC, paragraph 156 
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of scientifically informing rendering decisions with real world sensibilities will have been 

achieved. 

 

Goethe wanted consistent reasons for the use of colour that were not arbitrary, and he was 

motivated to find these rules.  The motivation which brought him to his endeavour has been 

realised through my study in a new medium. 

 

*** 

As fascinated as I am about the advancements of rendering, evolving digital tools, and 3D 

material properties and their interactions, am I also continuously struck by the wondrous 

behaviour of light in the natural world around me.  The interaction of sunlight and mist in their 

manifestation of a rainbow, the hot glow of a sunset: light is a constantly changing 

phenomenon as we perceive it. 

 

We cannot throw away our continuous experience of colour in the real world.  When we make 

mathematical models, we are no longer dealing with reality, we are dealing with the model.  

Then, how does the model relate to reality? We need compositing, AOVs, specially placed 

lights, fog, z-depth, and the tweaking of attributes to create a look that we take for granted.  

These are the things we have to do because we don’t have real-world rendering.  But, do we 

even want it? I argue that we must know the rules to break them, so, my hope for my students 

is to impart a knowledge of the real world so that they can be informed in their choices in their 
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creation of surreal worlds.  If we wanted a real image, we would have photographs instead of 

paintings. 

 

At the time of the writing of this paper, Pixar is announcing the release of its new “Stylized 

Looks” for Renderman™.79 These “Stylised Looks” automate much of the technical aspect 

required to apply the demands of the audience – extending the stylization used in The Hay 

Wain by John Constable in 1821. A perceptual renderer based on Goethe’s observations would 

create realistic images onto which stylistic variations can be applied, like filters to a photograph, 

delineating the real from the surreal. We want realistic renders so we can create a better 

surreal experience, and the offerings that create that experience keep growing. 

 

Says Goethe of Theory of Colours:  

 

“A dread of, nay, a decided aversion for all theoretical views respecting colour and everything 

belonging to it, has been hitherto found to exist among painters; a prejudice for which, after all, 

they were not to be blamed; for what has been hitherto called theory was groundless, 

vacillating, and akin to empiricism.  We hope that our labours may tend to diminish this 

prejudice, and stimulate the artist practically to prove and embody the principles that have been 

explained”.80 

 
79 “Stylised Looks coming to Pixar’s Renderman™ in version 24”. Pixar advertisement released August 27, 2020 
80 TOC, paragraph 900 
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Part I 
Part I is chaptered as such:  
 
Effects of Light and Darkness on the Eye (entries 1-14) – Explanation only, no experiments 
described 
 
Effects of Black and White Objects on the Eye (entries 15-34) – 7 experiments: 
 
1) Let a white disk be placed on a black ground, and a black disk be placed on a white ground, 
both being exactly similar in size; let them be seen together at some distance, and we shall 
pronounce the last to be about a fifth part smaller than the other.  If the black circle be made 
larger by so much, they will appear equal.   
 
2) Lights seen behind an edge make an apparent notch in it.  A ruler, behind which the flame 
of a light just appears, seems to us indented. 
 
3) The rising or setting of the sun appears to make a notch in the horizon. 
 
4) If… we look intently at the bars of a window relieved against the …sky, and then shut our 
eyes or look towards a totally dark place, we shall see a dark cross on a light ground before us 
for some time. 
 
5) If we shut the eyes immediately after looking at the sun we shall be surprised to find …the 
image it leaves appears. 
 
6) If, while the image of the window-bars before-mentioned lasts, we look upon a light grey 
surface, the cross will then appear light and the panes dark. 
 
7) If we look at a black disc on a light grey surface, we shall presently, by changing the 
direction of the eyes in the slightest degree, see a bright halo floating round the dark circle. 
 
Grey Surfaces and Objects (entries 35-38) – 3 experiments: 
 
1) Let a black object be held before a grey surface, and let the spectator, after looking 
steadfastly, keep his eyes unmoved while it is taken away: the space it occupied appears 
much lighter. 
 
2) Let a white object be held up in the same manner: on taking it away the space it occupied 
will appear much darker than the rest of the surface.  Let the spectator in both cases turn his 
eyes this way and that on the surface, the visionary images will move in like manner. 
 
3) A grey object on a black ground appears much brighter than the same object on a white 
ground. 
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Dazzling Colourless Objects (entries 39-46) – 3 experiments:  
 
1) Let a room be made as dark as possible; let there be a circular opening in the window-
shutter about three inches in diameter, which may be closed or not at pleasure.  The sun 
being suffered to shine through this on a white surface, let the spectator from some little 
distance fix his eyes on the bright circle thus admitted.  The hole being closed, let him look 
towards the darkest part of the room; a circular image will now be seen to float before him.   
>The middle of this circle will appear bright, colourless, or somewhat yellow, but the border 
will at the same moment appear red.  After a time this red, increasing towards the centre, 
covers the whole circle, and at last the bright central point.  No sooner, however, is the whole 
circle red than the edge begins to be blue, and the blue gradually encroaches inwards on the 
red.  When the whole is blue the edge becomes dark and colourless.  This darker edge again 
slowly encroaches on the blue till the whole circle appears colourless.  The image then 
becomes gradually fainter, and at the same time diminishes in size.   
 
2) If we receive the impression of the bright circle as before, and then look on a light grey 
surface in a moderately lighted room, an image again floats before us; but in this instance a 
dark one: by degrees it is encircled by a green border that gradually spreads inwards over the 
whole circle, as the red did in the former instance.  As soon as this has taken place a dingy 
yellow appears, and, filling the space as the blue did before, is finally lost in a negative shade. 
 
3) These two experiments may be combined by placing a black and a white plane surface next 
each other in a moderately lighted room, and then looking alternately on one and the other 
as long as the impression of the light circle lasts: the spectator will then perceive at first a red 
and green image alternately, and afterwards the other changes.  After a little practice the two 
opposite colours may be perceived at once, by causing the floating image to fall on the 
junction of the two planes.  This can be more conveniently done if the planes are at some 
distance, for the spectrum then appears larger. 
 
 
Coloured Objects (entries 47-61) – 7 experiments: 
 
1) Let a small piece of bright-coloured paper or silk stuff be held before a moderately lighted 
white surface; let the observer look steadfastly on the small coloured object, and let it be 
taken away after a time while his eyes remain unmoved; the spectrum of another colour will 
then be visible on the while plane.  The coloured paper may be also left in its place while the 
eye is directed to another part of the white plane; the same spectrum will be visible there 
too, for it arises from an image which now belongs to the eye. 
 
2) I had entered an inn towards evening, and, as a well-favoured girl, with a brilliantly fair 
complexion, black hair, and a scarlet bodice, came into the room, I looked attentively at her 
as she stood before me at some distance in half shadow.  As she presently afterwards turned 
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away, I saw on the white wall, which was now before me, a black face surrounded with a 
bright light, while the dress of the perfectly distinct figure appeared of a beautiful sea-green. 
 
3) Those who wish to take the most effectual means for observing the appearance in nature – 
suppose in a garden – should fix the eyes on the bright flowers selected for the purpose, and, 
immediately after, look on the gravel path.  This will be seen studded with spots of the 
opposite colour.  The experiment is practicable on a cloudy day, and even in the brightest 
sunshine, for the sun-light, by enhancing the brilliancy of the flower, renders it fit to produce 
the compensatory colour sufficiently distinct to be perceptible even in a bright light.  Thus, 
peonies produce beautiful green, marigolds vivid blue spectra. 
 
4) …so the same effect takes place when the whole retina is impressed with a single colour.  
We may convince ourselves of this by means of coloured glasses.  If we look long through a 
blue pane of glass, everything will afterwards appear in sunshine to the naked eye, even if 
the sky is grey and the scene colourless.  In like manner, in taking off green spectacles, we see 
all objects in a red light. 
 
5) To pursue a former experiment, if we look on a yellow piece of paper placed on a white 
surface, the remaining part of the organ has already a tendency to produce a purple hue on 
the colourless surface: in this case the small portion of yellow is not powerful enough to 
produce this appearance distinctly, but, if a white paper is placed on a yellow wall, we shall 
see the white tinged with a purple hue. 
 
6) …yet red and green are particularly recommended for it, because these colours seem 
powerfully to evoke each other. 
 
7) If we place a piece of paper of a bright orange colour on the white surface, we shall, after 
looking intently at it, scarcely perceive the compensatory colour on the rest of the surface: 
but when we take the orange paper away, and when the blue spectrum appears in its place, 
immediately as this spectrum becomes fully apparent, the rest of the surface will be 
overspread, as if by a flash, with a reddish-yellow light, thus exhibiting to the spectator in a 
lively manner the productive energy of the organ, in constant conformity with the same law. 
 
 
Coloured Shadows (entries 62-80) – 7 experiments: 
 
1) A shadow cast by the sun, in its full brightness, on a white surface, gives us no impression 
of colour; it appears black or, if a contrary light (here assumed to differ only in degree) can 
act upon it, it is only weaker, half-lighted, grey. 
 
2) Let a short, lighted candle be placed at twilight on a sheet of white paper.  Between it and 
the declining daylight let a pencil be placed upright, so that its shadow thrown by the candle 
may be lighted, but not overcome, by the weak daylight: the shadow will appear of the most 
beautiful blue. 
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3) Place two candles at night opposite each other on a white surface; hold a thin rod between 
them upright, so that two shadows be cast by it; take a coloured glass and hold it before one 
of the lights, so that the white paper appear coloured; at the same moment the shadow cast 
by the coloured light and slightly illuminated by the colourless one will exhibit the 
complemental blue. 
 
4) Select the moment in twilight when the light of the sky is still powerful enough to cast a 
shadow which cannot be entirely effaced by the light of a candle.  The candle may be so 
placed that a double shadow shall be visible, one from the candle towards the daylight, and 
another from the daylight towards the candle.  If the former is blue the latter will appear 
orange-yellow: this orange-yellow is in fact, however, only the yellow-red light of the candle 
diffused over the whole paper, and which becomes visible in shadow. 
 
5) A white surface being placed opposite the full moon, and the candle being placed a little on 
one side at a due distance, an opaque body is held before the white plane.  A double shadow 
will then be seen: that cast by the moon and illuminated by the candle-light will be a 
powerful red-yellow; and contrariwise, that cast by the candle and illuminated by the moon 
will appear of the most beautiful blue.  The shadow, composed of the union of the two 
shadows, where they cross each other, is black.  The yellow shadow cannot perhaps be 
exhibited in a more striking manner.  The immediate vicinity of the blue and the interposing 
black shadow make the appearance the more agreeable.  It will even be found, if the eye 
dwells long on these colours, that they mutually evoke and enhance each other, the 
increasing red in the one still producing its contrast, viz.  a kind of sea-green. 
 
6) Let a white paper blind be fastened inside the window on a winter evening’ in this blind let 
there be an opening, through which the snow of some neighbouring roof can be seen.  
Towards dusk let a candle be brought into the room; the snow seen through the opening will 
then appear perfectly blue because the paper is tinged with warm yellow by the candle-light.  
The snow seen through the aperture is here equivalent to a shadow illuminated by a contrary 
light, and may also represent a grey disk on a coloured surface. 
 
7) If we take a piece of green glass of some thickness, and hold it so that the window bars be 
reflected in it, they will appear double owing to the thickness of the glass.  The image which is 
reflected from the under surface of the glass will be green; the image which is reflected from 
the upper surface, and which should be colourless, will appear red. 
 
 
Faint Lights (entries 81-88) – 4 experiments: 
 
1) Candle-light at night acts as yellow when seen near; we can perceive this by the effect it 
produces on other colours.  At night a pale yellow is hardly to be distinguished from white; 
blue approaches to green, and rose-colour to orange. 
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2) Candle-light at twilight acts powerfully as a yellow light: this is best proved by the purple 
blue shadows which, under these circumstances, are evoked by the eye  
 
3) …hence candle-light by day appears reddish, thus resembling, in its relation to fuller light, 
the spectrum of a dazzling object; nay, if at night we look long and intently on the flame of a 
light, it appears to increase in redness. 
 
4) If at night we place a light near a white or greyish wall so that the surface be illuminated 
from this central point to some extent, we find, on observing the spreading light at some 
distance, that the boundary of the illuminated surface appears to be surrounded with a pale 
yellow circle, which on the outside tends to red-yellow.  We thus observe that when light 
direct or reflected does not act in its full force, it gives an impression of yellow, or reddish, 
and lastly even of red.  Here we find the transition to halos which we are accustomed to see 
in some mode or other round luminous points. 
 
 
 
Subjective Halos (entries 89-100) – 3 experiments:  
 
1) …in a dark room, if we look towards a moderately large opening in the window-shutter, 
…the bright image is surrounded by a circular misty light.  I saw such a halo bounded by a 
yellow and yellow-red circle on opening my eyes at dawn, on an occasion when I passed 
several nights in a bed-carriage. 
 
2) A light must shine moderately, not dazzle, in order to produce the impression of a halo in 
the eye; at all events the halos of dazzling lights cannot be observed.  We see a splendour of 
this kind round the image of the sun reflected from the surface of water. 
 
3) Halos may, however, appear extremely small and numerous when the impinging image is 
minute, yet powerful, in its effect.  The experiment is best made with a piece of gold-leaf 
placed on the ground and illumined by the sun.  In these cases the halos appear in variegated 
rays. 
 
 
Pathological Colours (entries 101-135) – Explanation only, no experiments described 
 
*** 

Part II  
Part II is chaptered as such:  
 
To know: 
Objective phenomena vs Subjective phenomena: Objective is based on facts or what is 
revealed.  Subjective is based on personal preferences.  “The world divides itself into two parts, 
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Appendix 3 
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Images of 3D Maya viewports with described chapters and/or experiments: 
 
 

 
Effects of Black and White Objects on the Eye (1-7) 
 

 
Grey Surfaces and Objects (8-10) 
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Dazzling Colourless Objects (11-13) 
 

 
Coloured Objects (14-19) 
 

 
20_1) Coloured Shadows  
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21_2) Coloured Shadows 
 

 
22_3) Coloured Shadows 
 

 
23_4) Coloured Shadows 
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24_5) Coloured Shadows 
 

 
Faint Lights (25-28) 
 

 
Subjective Halos (29-30) 
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31_1) Dioptrical Colours of the First Class 
 

 
32_2) Dioptrical Colours of the First Class 
 

 
33_3 & b) Dioptrical Colours of the First Class 
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Augmentation of Colour (48-49) 
 

 
50_1) Communication, Apparent 


