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QUANTUM PHYSICS – QUANTUM THEORY



1801

“On the Theory of Light and Colours” 1803





Two Moments in QP (1)



The Copenhaguen Debate

Bohr

• Heisenberg

• Dirac

Einstein

• Born

• Pauli

De BroglieSchrödinger





The Copenhaguen Debate

Indeterminism

• Complementarity

• Uncertainty

Determinism

• Quantum Mechanics

• Realism

Schrödinger´s
Paradox

Hidden
Variables







P. Dirac, 
The Principles of Quantum Physics

• Superposition

• Dynamical Variables 
and Observables

• Representations

----------------------------------

Decoherence

Uncertainty

Non-locality

• The Quantum 
Conditions

• The Equations of 
Motion

• Perturbation Theory

---------------------------------

Complementarity

Interference



Heisenberg

• “’If we know the present exactly, we can 
predict the future” – it is not’ the
conclusion but rather the premise which
is false



EPR’s Paper: 1934

• Can Quantum Mechanical Description of
Reality Be Complete?



And then…



Interruption

• II World War



Two Moments in QP (2)



The 1960s

• The “Wholeness”

• Cfr. System thinking, system science, 
cybernetics. Complex thinking

• …The sciences of complexity…













Bohm and Feymann

• Hidden Variables

• The spirit of wholeness: 
three parts: quantized
motion, statistical
causality, and 

Indivisible wholeness

• Quantum Mechanics

and Quantum 
Electrodynamics



Oppenheimer

• If we cannot disprove Bohm, then we must 
agree to ignore him



Hidden Variables

• Critique of non-locality

• A determinist system of reality



REALITY

• MACROSCOPIC

second = 1/60 m

minute = 1/60 h

day = 24 hs

year = 365 ds

century = 100 ys

million years = 106

billion years = 1012

• MICROSCOPIC

mili = 10-3

micro = 10-6

nano = 10-9

pico = 10-12

femto = 10-15

atto = 10-18

Planck time: 1042 secs





FAPP

• We believe that some things happen with 
such high probability that FAPP it is 
reasonable to suppose that they happen with 
certainty





J. Bell

• CERN
• Quantum Entanglement
• Bell dreamed of a theory
with entities that were real
regardless of the actions of
the experimentalists, which
nonetheless produced
the same results as
quantum mechanics



Bell

Einstein

Bohm
Von Neumann

De Broglie



• The Moral Aspect of Quantum Mechanics, by 
Bell and Nauenberg: “We look forward to a 
new theory which

• Bell, Speakable and Unspeakable in Quantum 
Mechanics (2004, 2011)



Entanglement

• Bell dreamed of a theory with entities that 
were real regardless of the action of the 
experimentalists, which nonetheless produced 
the same results as quantum mechanics

• An entangled state is not the product of two 
individual states – two particles in an 
entangled state have no individual states





1976

• Fry: demonstrated entanglement, and the 
absence of any local, realistic explanation

• At MIT, a decade after, entanglement of three 
particles



Relativity and Entanglement

• Relativity is adamantly a 
local theory about 
separable, real objects

• seems to deny that 
these attributes can 
actually all coexist in 
nature



Quantum Parallelism

• Quantum computation and entanglement

• Could a classical computer simulate a 
quantum system? No! This is called the 
hidden-variable problem



C. Fuchs

• “Almost all the formal structure of the
quantum theory is not really about physics at 
all. It is about the formal tools for describing
what we know” (1998)

• i.o.w: The wave function is

knowledge



Zurek

• An unending process of movement and 
unfolding

• Of Information



Criptography

• S. Lloyds: The universe is a quantum system, 
and almost all of its pieces are entangled.



Matter – Energy - Information

• Uncertainty provides the seeds from which 
new detail and structure emerge, and through 
entanglement, quantum mechanics, unlike 
classical mechanics can create information out 
of nothing.



• If the quantum computer entangles with its 
environment, it will produce random results 
(that is, results that are correlated with things 
the computer programmer does not want and 
cannot control).



• The more entanglement is available, the 
better suited a system is to quantum 
information processing



1997

• Quantum 

Teleportation:

A. Zeilinger



Zeilinger

• Quantum mechanics: there is no 
difference between epistemology and
ontology: being and knowing are 
intertwined



The Importance of QT

• All new technology is QP-based

• It is by far the best tested and most predictive
theory, ever

• It is (my contention) along with the theory of 
evolution the two hard-core theories in 
science, at large



However…

• General Theory of Relativity

• Quantum Theory

• The challenge of unification

 Quantum field theory (etc.)



Two of the ultimate problems

• A) Understanding or explaining the origins of 
life – P1

• Understanding the logics of life – P2

• We tackle problem P1 via P2, i.e. not what life
is, but what do living beings do in order to live



Claim

• Living beings solve NP problems, NP-Hard
problems and NP-complete problems as P 
problems

• For living beings computing is a matter of lif or
death

• Living beings hypercompute



Complexification of Engineering







Biological hypercomputation





Classical 

computation

Bio-inspired 

models of 

computation

Unconventional 

computation

Biology as 

implementation 

substrate

Biological 

computation

Classical 

hypercomputation

Non-classical 

hypercomputation

Bio-inspired 

hypercomputation

Biological 

hypercomputation

Li
n

e 
o

f 
co

m
p

le
xi

fi
ca

ti
o

n

Time

rupture and 

new synthesis

Copeland,

Siegelmann,

Turing 

Ben Jacob,

Bray,

Ehrenfeucht,

Mayfield,

Mitchell,

Prescott, 

Rozenberg, 

Calude,

Eberbach,

Paŭn

Burgin, Dodig-Crnkovic, 

Goldin, MacLennan,

Stepney, Wegner

Turing, 

Church, 

Von Neumann

Adamatzky,

Adleman,

Amos,

Solé

Several authors

1930s-1940s 1995-19991994 2004-2005 2009 20121980s-1990s 1990s

Several authors

Kampis,

Rosen,

Siegelmann



Quantum Biology





Living organism layers Time scale References

Molecular dynamics Nanoseconds Secrier & Schneider, 2013

Organelle subprocesses Nanoseconds Secrier & Schneider, 2013

Sound localization Microseconds Buonomano, 2007

Motion detection Milliseconds/seconds Buonomano, 2007

Motor coordination Milliseconds/seconds Buonomano, 2007

Protein complexes  processes Hours/days Secrier & Schneider, 2013

Protein networks dynamics Days Secrier & Schneider, 2013

Cell cycle / biological clock Days
Buonomano, 2007; Secrier

& Schneider, 2013

Cell division Days/weeks Secrier & Schneider, 2013

Organ development Days/weeks Secrier & Schneider, 2013

Organism development Weeks Secrier & Schneider, 2013

Population dynamics Billion years Secrier & Schneider, 2013



Understanding QT in Complexity
Theory

• Most subjects and domains in CT pertain 
the macroscopic universe



Complexity is Time

• Without being reductionist we claim safely
claim that complexity is (= is rooted, 
embedded, coincides with, grounds, …) in 
time, i.e. the arrow of time

















• Working on a theory of life. Now, a theory of 
life entails a theory of the material reality. As 
yet, these are complex phenomena.

• Working on a (general, crossed, transversal, 
united, …. theory of complexity

TC < -- > TL



Macroscopic world Microscopic world

Time scale Conversion Factor Time scale Factor

Second 100 Millisecond 10-3

Kilosecond 16.7 minutes 103 Microsecond 10-6

Megasecond 11.6 days 106 Nanosecond 10-9

Gigasecong 32 years 109 Picosecond 10-12

Terasecond 32 000 years 1012 Femtosecond 10-15

Petasecond 32 million years 1015 Attosecond 10-18

Exasecond 32 billion years 1018 Zeptosecond 10-21

Zettasecond 32 trillion years 1021 Yoctosecond 10-24

Yottasecond 32 quadrillion years 1024 Plank time 10-44



Biosphere

Ecosystems

Niches

Biomes

Communities

Populations

Species

Classes

Families

Organisms

Organ systems

Organs

Tissues

Cells

Organelles

Macromolecules

Molecules

Atoms

Subatomic particles

Homeostasis 

Homeorhesis





• Q effects in biology have been posited in:

– Olfaction

– Magnetic sensing

– Photosynthetic energy transfer

– Photoenzymology

– Molecular motors

– Ion channels

– Consciousness



Summary of a selection of the main
experimental and theoretical works on

functional QB
Photosynthesis Cryogenic-temperature quantum 

coherence (QC)
Ambient/room-temperarure QC (FMO)
Ambient-/room temperature QC (Algae)
Environment-assisted transport
Alternative viwes

Radical pair magnetoreception Early proposals and evidence
Mathematical models
Indirect evidence (light dependence, 
magnetic field)
Experiments on radical pairs

Other examples Olfaction
Vision
Long-range electron transfer
Enzyme catalysis



The most important steps in the transfer of 
information within a cell are the folding, 
transport and recognition of proteins



• Biology is remarkable in that the range of time 
and energy scales over which biological
processes occur spans seven orders of 
magnitude, ranging from ultrafast solvation
times in water on the order of femtoseconds
to the slow rotation of a protein which can 
take tens of nanoseconds



• Computation can be thought of as a process
that combines digital information with
variation to produce complexity

• The universe itself is a universal computer that
is effectively programmed by random
quantum fluctuations



What is life?

• Life is an information processing system

• Processing information is for living beings a 
matter of death or life



Quantum mechanics
• QM has two features that guarantees the

emergence of complex systems such as life:

– Discreteness



– Chanciness



• The outcomes of some quantum events are 
inherently probabilistic

• Because it is probabilistic, the computing
universe is effectively programmed by random
quantum events called quantum fluctuations



Q-decoherence

• The process by which QM generates new, 
random bits of information

• Decoherence is ubiquitous

• QM is constantly injecting brand new, random
bits into the universe



• Apparenty all that is requiered for proto-life is
the existence of physical systems that
reproduce themselves with variation

• Reproduction and variation seem to suffice



• Computation can be thought of as a process
that combines digital information with
variation to produce complexity

• The universe itself is a universal computer that
is effectively programmed by random
quantum fluctuations



• Searches of sequence space or configuration
space may proceed much faster quantum 
mechanically

• Decoherence time is the time that the full 
quantum superposition of all possible states in 
the combinatorial library before the
interaction with the surrounding environment
destroys it



• Physics, i.e. QP may be incomplete

• The biosphere is doing something literally
incalculable, nonalgorithmic

• 1944: Schrödinger brought QM, chemistry and 
“information” into biology

• QM comes to the rescue of life!



• What we call quantum theory is currently
mostly information theory

• Along the line, it all is not just about
description but about interpretation

• Entanglement is still calling for an explanation



• From Matter to Enegy to Information

• To Matter-Energy-Information

• Physics is not about reality or nature but
about what we know about the universe







The Matrix







Classical Emptiness

 

 







 



Quantum Emptiness



Computational
Biology

Biological
Computation

Network 
Biology

Synthetic

Biology

Systems

Biology

COMPLEXITY OF THE UNDERSTANDING OF 
LIFE



• The debate remains open concerning the
relationships between the discrete and
continuous

• ¿Is reality continuous, or is it discrete?



• Thank you so much!


