1. Quantitative Sciences

1.1 Human Cognition

Omnis homines, qui sese student praestare cetenisadbus,
summa ope niti decet, vitam silentio ne transeaglyti pecora,
guee natura prona atque ventri obedientia finxit.

(Gaius Sallustius Crispude coniuratione Catilinge

Homo sapiensthe human species, not only resembles the apesogimomically, but
also its behavior and social structures show similsimilarities with those of primates
However, there is one fundamental distinction o thuman species, which shall
concern us here: man’s partial ability of conscipusiderstanding his existence. The
ape lives on fruits and animals from the forest bethas no idea of the necessary
conditions that produced these provisions.

Man’s ability of cognition is related to the abjlibf formally handling symbols, which
are calledwords Homo sapienss a social and highly communicative speciesslt i
language that enables consciously understandingvtiréd. Apart from the natural
languages, mankind has also developed an artiffuigily formal language called
mathematics The study of mathematics itself may reveal ba&sinditions of human
cognitiorf, but, in its pure form, it contributes little tanounderstanding of the world.
This is so because in pure mathematics the forgmbsls are not associated with any
real objects. A language becomes a powerful toaghition only when the words are
related to real objects. Also mathematics becomasyapowerful tool of understanding
the world once we associate the mathematical sysnhith real objects.

When we are concerned with the meaning of wordeawe to recognize first of all that
several different words are often assumed to bevalgmt. These equivalent words
correspond to aotion

On a basic level the association of words or natiarith objects is achieved with
examples. Usually it all begins by associatinggsteking of milk from mother’s breast
with the sounds “mom” or “mama”. On the very highlesels of cognition, which is in
the fields of Sciences, one prefers to associatgian with concrete objects without the
use of examples. One explains a notion using exagded primary notions and
previously explained notions in a general form.sTkind of explanation of a notion is
called adefinition. Later we shall see why one avoids the use of elenphough
examples may be useful tools for teaching.

Exercise: Define the following notions: table, achaertical, horizontal, perpendicular.

The famous €ogito ergo sum’(l think, therefore | amof René Descartdsas been
criticized by Martin Heideggéin his main work “Sein und Zeit”: Descartes’ statnt
is somewhat empty as long as one does not spettibe'sum” { am). Thebeinghas to

! Desmond MorrisTheNaked Apé&Jonathan Cape Ltd, 1967); Frans de W&alir Inner Ape New York:
Riverhead Books, 2005. ISBN 1-57322-312-3.

2 For instance one may recognize the differenceuttiand demonstrability.
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be understood in terms of relations aemporal beingWe are immersed in time. Any
human present contains a past constructed condystesm memories and documents
and it contains a constructed future of plans, etgi®ns, hopes and fears. Scientific
understanding of the world essentially concerrs tdnnporal immersion of existence.

Scientific observations detect regularities andapdlations of these regularities are
used to predict the future. In very special circtanses a perfect prediction is possible.
This is the case when one deals with simple and wepbarated parts of our
environment. We shall call these parts of the emrrentsystemsin other cases the
future may not be predictable. This happens eslhewidh systems not well separated
from the rest of the world. Especially systems th&tract with us in general show a
future behavior that depends on our actions. Thene the possibility of influencing
the future according to our will so as to pursymuigpose. In this case human cognition
may help to achieve the goals more efficiently.

The goals or purposes may be related to moral ateedlt is often stated that science
cannot say anything about the goals and moral atded This statement may not be
true. Goals and moral standards are created by mimdavziduals and human societies.
Human individuals and human societies are objefcksadogical investigation and also
of mathematical description, through game thedrgndy be that the coming into being
of a moral standard can be understood the sameawaye understand why certain
multi-cellular aerobic animals that live in oxygeontaining gas atmosphere have a
nose. Desmond Morris inthe Naked Ageggives examples of such explications.

Prediction of future and optimization of the acl@ments of goals is by no means
restricted to the human conscious intelligence. iRstance a ball player predicts the
successive positions of a flying ball in a fractioha second and catches the ball
without the help of conscious reasoning and withsotving any mathematical
equations. Perhaps the conscious thought “Thereesdhe ball!” appeared in his mind,
but that was not enough to catch the ball. Aninaa¢ésalso capable of using that sort of
intelligence. How the unconscious neuron-basedligg@ce works and how it interacts
with the conscious one is still badly known. Furththere exists even a sort of
intelligence in the living world on the cell lev&ells react on external conditions in an
intelligent way. This is not so much surprising. Later we shalefty discuss the
biological cell and we shall see that it functimesy much like a computer.

The unconscious neuron-based intelligence is atsmlved in the example-based
association of notions and objects. If you ask ayd&@-old boy, who has not been
exposed to much formal education, what a circlemsst likely he will answer: “A
circle is a round drawing”. If you then demure tostdefinition and argue that the
drawing of an egg is also round, he will answereflw know what a circle is, but |
can't tell it”. It would be unjust to say that heet not know what a circle is. If you
show him a large number of different drawings, soceataining circles, he will
correctly pick out the circles. Here unconsciousroe based intelligence works to form
a notion. A definition is the attempt to elevateation to the conscious level. Therefore
the use of examples is banned in definitions, bexdahe examples would detain the
notion in the realm of intuition. Once a notion & into the realm of consciousness it
can be treated formally and one may draw conclssiiom its defining properties.

® For instance, certain bacteria are able to sviithveen different metabolic pathways depending on
external conditions.



Here we shall be interested in the conscious igerice. Sciences have given a
tremendous contribution to our conscious understgndf the world. Especially the
sciences that deal predominantly witlalues of quantities have improved our
understanding. We shall call these sciengeantitative scienceslhey constitute the
basis of all engineering and they have modified &tives considerably during the last
tree hundred years. The tremendous success ofeamgig is based on the ability of
predicting values of quantities and of using thessglictions forquantitative planning
We shall dedicate a whole section to explain whaiiantity is, but before doing so, let
us see a simple example to illustrate the poweguahtitative planning.

Imagine a gifted boy wants to construct an incubsidatch out bird eggs. He knows
that the incubator needs a heating element in otdemaintain an appropriate
temperature. After a week of intense work he rezagnthat the heating element is only
able to elevate the temperature from°@0to 22C. Instead of indiscriminately
constructing dozens of alternative heating elembatsow uses quantitative planning.
He measures the heating power and estimates theedgower value with the help of

a simple rule of three. If the powé}, that he used with his abortive attempt yielded a

temperature change of 2 degrees and he wants @elunsay, 20 degrees, he will
construct a heating element that is capable oflgungpthe power 10R, and that will

result in a functioning incubator right away. Foom®a complicated constructions a
simple rule of three may not work. For instancepnk wants to construct an oven to
melt glass, the quantitative planning would havege more complicated mathematical
relations. But the basic idea is the same; instéadaking innumerous random attempts
one heads for a working artifact guided by quatiia predictions. Industry saves
money using quantitative planning and complex aetg such as big airplanes, large
buildings, computers etc. would be impossible tostauct without quantitative
planning. Quantitative planning is also the bacldbohadministration.

The quantitative predictions involved in quantitatplanning refer tealues of physical
quantities. In section 1.6 we shall explain what a quantity arvalue of a quantity is.
These explanations will make use of mathematicafjuage. Therefore we have to
dedicate a few sections to basic mathematics. TSwskion of mathematics will also
reveal interesting aspects of human cognition.



