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Abstract

Dear Moore,
I was very glad to get your letter. My house is not built on the site
you mean. This map will show you where it is and why I can’t get
into the village without rowing; for the Mountain is much too steep
for anyone to walk on it along the lake. I do believe that it was the
right thing for me to come here thank God. I can’t imagine that I
could have worked anywhere as I do here. It’s the quiet and, perhaps,
the wonderful scenery; I mean, its quite seriousness.
Letter of L. Wittgenstein to G.E.Moore, Oct 1936.

Figure 1: Map of Wittgenstein’s cabin location.
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Post-abstract

I was attending my first Calculus class and the teacher tried to explain us how one can manage to “feel” that between 0 and 1 there
are infinite numbers. He drew a line on the blackboard and wrote
respectively 0 and 1 at its two extremes. He said: “So, we have this
line and the extremes are representing 0 and 1, all right. What if
I move closer to the blackboard and focus on the initial part of the
line?”
The teacher did go closer, put his nose ON the blackboard and in
that position he continued talking: “Well now I’m only seeing a small
part of this line, let’s say that it is the part between 0 and 0.1.” So
he changed the 1 at the right extreme by 0.1, leaving the line exactly
as it is, same position and length. “Ok, now the extremes are representing 0 and 0.1. What if I move again closer to the blackboard and
focus on the initial part of the line?” You can guess what happened
next: he changed the 0.1 at the right extreme by 0.01, same line, same
length. He repeated the example as many times he needed in order
to get his nose completely white with chalk.
For me this example is crucial. Everything is relative1 , it’s about how
“close” you are to the blackboard, having infinite numbers to choose.
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Everything can be constant and everything can be variable.
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El rayadito de Masafuera

The Masafuera rayadito is a larger, duller-plumaged cousin of the
thorn-tailed rayadito, a striking little bird that I’d seen in several
forests in mainland Chile before coming to the islands. How such a
small species landed five hundreds miles offshore in sufficient numbers
to reproduce (and, subsequently, evolve) will never be known.
Jonathan Franzen, Farther Away.
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Infinitesimal changes in a system

I’m always really surprised by a small fact that happens sometimes
– it is about books and shelves. One day I put a book on my shelf.
Another day, suddenly, the book falls down. I’m quite sure it has
happened to you as well. What I find amazing is that there were
complex things going on between those two moments – things that
are invisible and apparently not so important. But they are important.
They are infinitesimal changes. Usually we talk about them as randomness, natural disasters, unknown reasons. They strongly influence
the way systems2 work / change / get destroyed. Figure 2 shows how
systems can change from constant to variable and then to constant
again. We have to take into account that elements that we consider
constant might actually not be so3 .

Figure 2: A few seconds before and a few seconds after, all of them
were/will be steady on the floor. But not now.
2
3

System is here intended as a space where different elements can interact.
see Post-abstract.
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Where Is My Dog Looking?

In Mathematics it’s easy to define a system and to decide whether
a system is closed. The super big advantage of Mathematics as opposed to the rest is that in Mathematics something does not need to
be physically real in order to “exist”. The infinite numbers between
0 and 1 we talked about in the second section are but one example.
Yet even in the physical world we can only see a small part of the
real things that are going on. The necessarily incomplete information
that we have about systems stays somewhere between poetry and
randomness.

Figure 3: Chain of favors.

One example is the sort of Rube Goldberg Machine depicted in Figure
3. The small dot at the bottom left is my dog. It is doing something.
The person standing immediately to its right is me. I’m looking at
my dog. There’s then that second man above me on the left – he’s
looking at me, checking what I’m doing. What is he doing? He’s
thinking. I’m watching my dog, he is thinking. He can’t see my dog.
At the same time, another person is looking at this third man, who is
looking at me, while I’m looking at my dog. And then another person
is looking at the fourth man [...]. Finally, there is a man standing behind my back on the right, yet I don’t see him and he isn’t looking at
me, he’s actually looking the other way at the person who’s looking
at the person who’s [...] looking at me looking at my dog.
My dog is looking at him. So in this chain a lot of information is
missing: nobody knows what my dog is doing, the fact that it is
actually looking at the man behind me. If you take a look at the
diagram, you can see that everybody is looking at something but
nobody knows what we are exactly doing and what is actually going
on.
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Collapse

Figure 4: On its own.
It was while doing my PhD that I understood many things about
infinitesimal changes – all those things that happen without us even
knowing. This is because I was working in the nano-scale range. In
this range, everything is important. We worked in highly controlled
environmental conditions (isolated cabin), yet even in such a context
there were a lot of external things that had to be taken into account.
For instance the waves.
We were working in a lab of ALBA –a synchrotron radiation facility
near Barcelona– located 56 km away from the sea, yet we could “feel”
and measure the influence of the waves breaking down at the coast.
Small and repetitive interferences in the measurements. We had to

figure out some material that would absorb those tremors coming from
the sea. It’s nice to think about in a way, that the tremor of the waves
is propagating at least 56 km away from the sea like a chain reaction
traveling through fields, roads, mountains, factories and passers by to
finally arrive at our small and isolated capsule inside the synchrotron.
It feels like nature is trying to say something to us, maybe something
like “you can’t isolate yourselves completely from me because I’m so
powerful and wild”. In this specific case, we were at least able to keep
the interference under control. Yet there are so many other situations
where things simply gets out of hand.

Figure 5: A few of collapses in a system.
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The infinite sum

To me, the most mysterious part of mathematics is related to infinite
series. It’s a bit like the story about the infinite numbers between
0 and 1, only it has a much stronger and more perceivable impact.
When we deal with the numbers between 0 and 1 we do know that
they are infinite but we can’t see or list all of them.
With the infinite
series things are different. It is possible to add infiP
nite terms, ∞
n=1 an .
As strange and difficult to grasp as it can sound, this infinite addition
of terms can be a real number. This is purely amazing to me. It’s one
of those case where infinite stays “on the other side” – the addition
of infinite terms can be finite.
See for instance,
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n=1

It’s amazing that the addition of infinite terms is not only giving a
finite term, but also a term that is related to π.
Now let’s have a look at another series,
∞
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In this case, the addition of infinite terms is giving a infinite result.
Are there any rules about this? How come the first example is finite
and the second infinite?

There are a lot of theorems about the convergence of the series. One
of them is related exactly to those kind of series that we have seen in
equations 1 and 2, that we can generally define as
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where p is a positive real number. The theorem is

∞
X
1
< ∞, if
→ ∞, if
np

n=1

p>1
p≤1

(4)

That is: Depending on certain characteristics of p the infinite addition of terms will give a finite or an infinite result.
Now I want to deeply focus on the boundary between finite and infinite, i.e. when p → 1. We know that when p = 1 the addition of the
serie is infinite, but what happens if p is p = 1.000000000000001 ?
In that case the addition of all the terms is finite. We can add more
zeros to the decimals of p and find that the series is still convergent.
I’ve checked the difference between the first 109 terms in the two series
where p is respectively p = 1.000000000000001 and p = 1.
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= 21.300481502347036.
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The difference in the first 100 million terms4 between both series is
0.0000000000015134, yet the first converges into a real finite number,
while the second increases and increases, towards infinite.
4

Remember that it’s a decreasing series.

You can add as many zeros as you want to the decimals of p in equation 5, the numerical result will be different, yet the equation will
always stop at a “real” real number.
This is to me an astounding example of the power of infinitesimal
changes, it seems like a victory of the small over the great, of lots of
Davids against Goliath. And, of course, the victory of the constantly
variable.
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Sognefjord

Figure 6: Wittgenstein’s cabin.
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Nunavut

The North magnetic Pole is something you’d expect to be constant
in time, but when you see a compass you realize that it is always
pointing to the same direction, yet not so steadily. Actually, the
North magnetic Pole is constantly variable.

Figure 7: Nowadays the north magnetic pole is located 1600 km away
from the geographic north pole, near the island of Bathurst in the
northern part of Canada, in the land of Nunavut. Pep Vidal, 2014,
62 cm x 46 cm.
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