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Metaphor is a basic structure of our language and thought that, depending on the diverse prac-
tical context in which it is used, produces different effects such as mere poetic embellishment,
creating false opinions, triggering emotions and influencing choices, and not last helping us
understand new scientific concepts when traditional scientific concepts or demonstrations fail
to describe a new discovery. In this short article, I focus on the last function of metaphor.

Also in physics, it is no rare occurrence that the established concepts of our language may
suddenly appear inadequate to define new experiences, and yet we cannot help but use them
since “we have no other language than this.”[1] This was the case as the subatomic particles
were discovered. Since the beginning of the twentieth century, when Plank discovered action
quanta, “a state of confusion had arisen in physics. The old rules, whereby nature had been
successfully described for more than two centuries, would no longer fit the new findings.”[2]In
this new Weltanschauung, the idea of a perfectly ordered and objectively knowable world, and
the “the beauty and completeness of the old physics seemed destroyed, without anyone having
been able, from the often disparate experiments, to gain a real insight into new and different
sorts of connection.”[3] Contrary both to common sense and the foundation of logic, according
to which an object cannot be and not be at the same time and therefore one thing cannot
be two things, in quantum physics it turns out that the electrons behave in a peculiar way,
sometimes as a particle and sometimes as a wave. This logical absurdity was confirmed by
the experiments that led Niels Bohr to formulate the principle of complementarity, according
to which the experiment itself determines the “nature” of the particle, and Werner Heisenberg
to theorise the uncertainty principle, according to which we cannot experimentally determine
with certainty both the position or velocity of a particle: we can only predict either velocity or
its probable position within a limited area.[4] Faced with this discovery, physicists realised that
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many of the certainties on which the classical scientific method is based, such as the concepts
of objectivity, space, time, and neutral observation, were no longer adequate: the very concept
of certainty was no longer applicable because the concept of reality had changed.

While in classical physics phenomena are observed in relation to a given place and time to
deduce the laws that regulate their development in accordance with the cause-effect paradigm,
without too much worrying about the way and means used to carry out the measurement, in
quantum physics, the impossibility of any intuitive knowledge of phenomena deprives the spa-
tiotemporal determination of its usual sense. The perturbation of the subatomic system pro-
cured by the means of observation acquires a fundamental role since each experiment produces
a result that will later constitute the probability fork in subsequent experiments. Forecasting,
therefore, forces the observer to take into account the perturbation as a critical contributing
factor of the outcome of any experiment.[5] This factor imposes to drop the claim that we
can know both the position and the speed of a particle in the same experiment, because the
more precisely we determine the former, the less precisely can we determine the latter and
vice versa. This discovery originally seemed so absurd with respect to the knowledge of the
physical world that even Einstein rejected it, claiming that destroying the laws of locality and
speed (based on the principles of identity and non-contradiction) would challenge his special
theory of relativity, which proved – according to Einstein – that the QM was true but incom-
plete.[6] For Einstein, therefore, “God does not play dice” and the moon exists regardless of
whether we look at it or not. All physical phenomena exist objectively and therefore what
we know about them is not influenced by our means of observation.[7] The experiments of
classical physics cannot be applied in the quantum world because this faces us “with an episte-
mological problem quite new in natural philosophy, where all description of experiences has
so far been based upon the assumption, already inherent in ordinary conventions of language,
that it is possible to distinguish sharply between the behaviour of objects and the means of
observation.”[8] Faced with a new experience, Heisenberg claimed we must act like Colum-
bus who courageously decided to abandon the known to explore the unknown because by so
doing we can avoid the error “of wanting to force new fields of experience into a concep-
tual framework aged and no longer appropriate to them.”[9] Also, Bohr points out that “as
strongly as possible how profoundly the new knowledge has shaken the foundations underly-
ing the building up of concepts, on which not only the classical description of physics rests but
also to our ordinary mode of thinking.”[10] Heisenberg immediately realised that the words
used to describe the physical phenomena of classical mechanics could no longer describe the
phenomena of quantum mechanics. Nevertheless, the only language we possess and on which
we must necessarily rely to communicate is the ordinary one. This makes it is very difficult to
overcome the obstacle represented by the concepts that we receive from our tradition although
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“it usually takes a long time before a new concept is accepted in general” and therefore “we
must use words like ‘divide’, or ‘consist of’, or ‘number of particles’, and at the same time we
learn from observations that these words have only a very limited applicability.”[11]

The language of classical physics is strongly connected to ordinary language but it fails to
describe the quantum world: for example, the simple word “path” is perfectly understandable
in the ordinary realm of physics when we are dealing with stones, or grass, etc., but it is
not really understandable when it has to do with electrons. In a cloud chamber, for instance,
what we see is not the path of an electron, but, if we are quite honest, only a sequence of
water droplets in the chamber. Of course we like to interpret this sequence as a path of the
electron, but this interpretation is only possible with restricted use of such words as position
and velocity.[12]

The problem, therefore, lies not in the concepts themselves but in the way in which they
are used. Heisenberg thinks that language is used in two fundamental ways, statically and
dynamically.[13] The static use of concepts is defined by logic, whereby each word refers
to one single fact or object of reality: the static use of concepts constitutes the basis of a
certain system of knowledge since it prevents any ambiguous use of words. This, however,
can only be valid on a theoretical level because in everyday life concepts are used mostly
but not exclusively in accordance with their universal meaning (identity between word and
thing). They are often used to indicate also different things in different ways, and in different
practices.

On the one hand, therefore, static concepts refer to knowledge that we have already ac-
quired and accepted as certain and universal: these concepts are essential because without
them we could not build any epistemological system. On the other hand, however, the dy-
namic use of concepts, i.e. a metaphorical use, is equally fundamental because otherwise a
large part of everyday communication would be impossible. The dynamic use is therefore nec-
essary every time something new is experienced that cannot be described through traditional
concepts and parameters.

Heisenberg, not unlike other physicists, often uses metaphors not to fall into the cul de sac
of the stable meaning of concepts generally used in the language of classic mechanics. In or-
der to speak about new phenomena concerning subatomic physics, he creates new metaphors
which later on, as they are used over and over again to represent the same phenomena, lose
their innovative power and become in turn common and stable expressions. This is why we
speak today about spin, flavours of quarks, entanglement and so on not thinking of these ex-
pressions as metaphors but as physical concepts. As Heisenberg suggests, metaphor plays a
very important role in science because its “instability” can successfully convey a new discov-
ery in an intuitive and yet precise way, without being unbridled into the rigidity of a concept.
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