
Is the apple 
red?

what and
where are
colors?

neuroscientists 
claim we live in a 

colorless world, I 
will show you that 
colors are indeed 

physical and in 
the world!
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The main reason why science 
and philosophy relocated 
colors from the environ-
ment into the mind, is that dif-
ferent people seem to see 
different colors, and thus 
colors cannot be there, in 
the world.
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Bau!

muuuh!

The only reason
why I think I see
the real apple is
that I am in the 
most common

group

Yet it is not 
that everyone 
sees whatever 

they like, 
there are con-

straints.
We have no 
real proof 

for instance 

remarkably, we can alter the color that we see and 
this is something that has convinced many that 

colors are in the mind. Try it yourself. 

This colored afterimage phenomenon is very well 
known and it shows that after adaptation we see  

colors differently ...

Stare at the red square for 20 
secs and then quickly shift to the 

square on the right. 

it does not look gray, right?
which color did you see? 

find out on page six.

strange as it may 
seem, the dominant view

in science is that the world 
is devoid of colors.

we project them, 
but the world is colorless! 

A rather curious idea ...

Am I really
colorless?

The familiar world of 
color we live in 

presents a problem: 
scientists can't pin-

point color.

if colors 
are different for 

different subjects,
they cannot 

be in the world. 
can they?
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The space of colors 
is (nearly) closed!

Its extremes are very similar

in contrast, the space 
of light is not closed.

its extremes are 
completely different!

certain colors (brown, gold) 
do not exist

among the frequencies of light

colors 
are not 

continuous. 
in fact, we 

see bands in 
the rainbow.

But frequen-
cy is wholly 
continuous.

if that’s the case,
let’s start a journey
from the object to 
our head, to see
whether colors
are somewhere
to be found.

The first 
step is the 

medium, that is, 
the light.

can colors 
be in the
light?

many people
believe that
colors are 
in the light!

or they may be
created 

in the eyes!
after all, 
could we 

see colors 
without 
eyes?

what about
the brain?
don’t we

have a color
cortex?

or by the periph-
eral nerves and 
the neural gan-

glia

So many options 
cannot all be true.
Let’s start with light.

I am sure they taught in high school that light is 
colored. don’t they always show a color 

spectrum next to light frequency? 
But this conclusion is wrong! 

Isaac
Newton
1642 b.
1727 d.

Did I hear the word ‘light’? Then, let me step in! 
I am very likely the guy who is the most responsi-

ble for the idea that colors are in the light.
I am Isaac Newton! But don’t blame me for such a 

silly idea. light is simply not colored!

so, isaac, 
why is light

not colored? 
Actually, it is a 
pretty common 
idea. can you 

recap an 
explanation?

yes, of 
course!

it all boils down
to the fact that 
colors and light 

have different
properties and
thus they cannot 

be the same.

color spectrum

light frequency (λ)
450                              750
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I’ll be honest, 
I encouraged many mistakes!

the funniest was probably the idea 
that the rainbow is made 

of “seven” colors!
So many theories have sevens!

Bach had seven notes! lucky guy!

but if you look carefully, 
from a phenomenological perspective, 
you won’t see seven salient colors, 

but six!

I wanted a 
seventh color!

so, I 
suggested

indigo!

do you want evidence?
go no further than the

cover of Pink Floyd’s album
“the dark side of the moon”

(c) 1973.

As you see with a prism, 
sunlight splits into only 
six wonderful colors!

so much the worse
for my whim!

in fact, I’ve never 
claimed that colors are 

in the light. 
I only said that 

light has the disposition 
to trigger colors 

in one’s visual system.
but where?

in the eye perhaps?

I’m sorry, Isaac,
but in the eye there 

are no colors!
there are only cells 
called cones that 
capture light and 
release rhodopsin
to trigger neural 

impulses.

We are the cones 
and we’re sensitive

to various light 
frequencies! But we 
ourselves are not 

colored! We 
might be tempted to 

think that signals get their 
color from the nerve as 

Johannes Muller 
suggested in 1835!

He claimed that nerves 
have a sort of “specific energy”.
But of course this is not true! 

Neural signals 
have no color and 
are all the same!

fa sol la si do re mi

 a  b   c  d   e  f   g

towards
 the br

ain
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information 
has no color.

Bits are 
colorless.

take a neuron.
Does it have 

any color? no.

or a neural signal in the 
brain. Coding does not 

create color.

The same holds true inside a 
computer. The color codes are 

just numbers

The association between colors and 
information is arbitrary and conventional

if the physical is devoid 
of colors, how can a 
brain, which is just 
as physical, 
have or 
produce them?

yet, the idea that the brain 
creates the colors we see 

(which do not exist in the 
world) is just silly. There is 

no inner world inside the 
brain. No one believes

in an inner 
projector!

is something 
utterly 
mysterious? 
no problem!
Neuroscience 
has a 
solution 
for 
everything?!?

It’s all in the 
brain and a 

brain can do it 
all! You need 

color? 
The brain 

creates it! 
But how? Well, 
nobody knows!

nobody 
has
ever 
explained 
why, where 
and how 
the brain 
transforms 
signals into colors!

We started from the 
apple and haven’t found 

any color yet. 
The last possibility 

is the brain. 
If that fails, we will 
have to go back to 
square one and 

revisit our assumptions.

brain

ph
ys

ica
l 
w

o
r
ld

Convince yourself by considering virtual
reality. Are there any virtual colors inside 

the device? No, just physical colors. A pure 
virtual red, so to speak, doesn’t exist! 

There are only tiny LCD screens!

The red I see
is a 

physical red!
it is not a

virtual red!

03:EF:3A

just a bit
 of logic!
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The idea that the brain has a 
color space has led many to 
model color in geometrical 
spaces. They are accurate and 
useful tools, but they are not 
real physical spaces.

color spaces are simply ways 
to organize colors in an

efficient way. Yet they are not 
... inside the brain!

The more cognitive and computer 
scientists speak of color spaces as 
though they were real, the more 
they conceive of color 
as an abstract entity 
made of pure 
information. 
But look at 
their 
equations and 
you won’t find 
any color in 
them!

I’m red!
I’m red!

why don’t you 
see me!

I’m here!

Mmm… we’ve come full circle since Newton. 
If colors are neither in the eye nor in the 
brain, maybe we were too hasty! after all 
the apple really looks red! what if colors 

were in the external world?

look at me!
I can do 
tricks!
can’t I?

Let’s take a step back. in the 1850s a war 
raged between two giants in color science! 
On one hand, Helmholtz believed that colors 
are physical quantities, while on the other, 
Hering claimed that colors are mental 
opponent quantities!

colors are
in the world! colors are

in the mind!

one idea is that the 
world contains 

quantities (red, green 
and blue) that our 

body picks up, 
but they are there ...

the other idea is 
that there is
nothing in the 

world and that our 
body creates 

colors in some 
mental space ...

450 750 
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Likewise, a truck is both still 
and moving. it can have umpteen 

relative velocities!

Luckily there is a 
way to solve the 
problem! Let’s 
go back to the 
afterimage on 
page two. What 
do you really 
see? 

did you see
the color 

on the left
or the color 
on the right?

cyan or 
green?

greencyan or

The tradition states
that we ought to 
see green. 
But 
we don’t! 
We see 
cyan!

But people don’t see green, 
they see cyan! this is an empiri-
cal fact!
so we can begin to envisage a 
different explanation that will 
take colors back in the real 
world, albeit with some 
important 
difference! 

First, 
you stare at a red 

patch for 20 secs, during 
which you loose sensitivity 

for the property 
you call red.

the adaptation may 
happen in many ways, 
but, for the sake of 
the example, let’s 
suppose that one 

type of cone 
become 

almost blind.

the gray patch on page two has 
all components, but you cannot 

see the red one! so you see 
what it is left: blue and green

you are left with cyan, because it’s the 
color, inside gray, you can now see.

I see a 
cyan 

square!

the patch is 

both cyan and white 

and many other relative 
colors! the world is relative 
and colors are relative too!

I see a 
cyan 

square!

I see a white 
square!

any object 
has as many 
relative ve-
locities as 
there are 

other 
objects. 

likewise, can 
an  object 

have as many 
relative colors 

as other physical 
systems around? 

Yes of course! 

deaf philosopher blind philosopher

scholars read what
they ought to see.

but they rarely
check what

they see
with their

own
eyes!

Isn’t 
it surprising that 

most philosophers 
and scientists have 

never done the test 
themselves? They have 

read that you see 
GREEN after RED, but 
they have not seen it
with their own eyes!

nobody
wants
Red!

I pick
blue!

I pick
green!
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So if colors are relative
to other physical
systems (such 
as our bodies)
the problem
we started 
with has 
been solved.
any object 
has umpteent
relative
colors.
each body
brings 
into
existence
one particular
relative color
at a time,
but the
object has
all of them. 

So, the apple has a 
multitude of colors.

each of us has a
 different body 
and so each of 
us brings into 

existence a 
different 

apple (with 
a different 

color). 
the world 
is richer 

but there 
are no 
mental 

colors. All 
the colors 
we see are 

in the world. 
everything is 

physical.

we started 
from the naive 
idea of a physi-
cal world where 
colors were the 
same for every-

one. It didn’t 
work well ...

I am 
the relative apple.

I have no 
absolute color.

my color is 
relative to your 

body.

We then switched to the 
scientific picture of the 

world where there are no 
colors. But that didn’t work 

either ....

but, 
thanks to the rela-

tive object, The rainbow 
breaks into our world again!
 everything is like a rainbow! 
everything has all the colors 

different subjects see it having. 
because colors exist relative to 

other physical systems,
like everything else,

all is relative!

The world is a 
“rainbow world”.
    everything 
has umpteen 
relative colors!

but of 
course, we 

can see only 
one color at

 a time. The one 
that exists
relative to 
our body.

in 
a rainbow 

world, colors 
are back in the 
world! they are 

no longer a 
creation of 
the mind!
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