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Quantum 
Coherence and 
Very High Efficiency 
of Energy Transfer



Noise seems a problem here as it destroys quantum coherence





Single Photon Detectors 
in the Eye

Olfaction Migratory Birds

Photosynthesis Quantum Effects in DNA Ion Channels
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Measurement 
Problem



So what constitutes a measurement 
is really important

Def1: A measurement is something what you do with a 
measurement device….

Usable in the daily practice of physics 

But incorrect 

(von Neumann)



The Bohr-Einstein Debate on Quantum Mechanics, 

1925-1935 (and beyond)



Copenhagen school

Bohr, Heisenberg, Pauli
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I don’t like it and I’m sorry I
ever had anything to do

with it.

Schrödinger

collapse is not described by any dynamical
process

(with forces, potentials etc.)





The Measurement Problem
‘solutions’

• Many World solution (Everett)

• Deterministic solution (Bohm)

• Non linear Schrodinger equation (GRW)

• Objective Reduction (Penrose)

• Radical subjective solution (Wigner, Stapp)



Quantum-mechanical decoherence 

has been verified experimentally

Zeilinger et al., Nature 401, 680 (1999)

Haroche et al, PRL 77, 4887 (1996)

Haroche Zeilinger



Radical Solution

• …. The reduction of the state vector is a physical event which occurs
only when there is an interaction between the physical measuring
apparatus and the psyche of some observer…..



Schrödinger’s Cat

Experiment: A cat is placed in a sealed box
containing a device that has a 50% chance 

of killing the cat.

Question 1: What is the
wave function of the cat
just before the box is
opened?

When does the wave function collapse?

1 1

2 2
( dead + alive ?)



Schrödinger’s Cat

Experiment: A cat is placed in a sealed box
containing a device that has a 50% 

chance of killing the cat.

Question 1: What is the
wave function of the cat
just before the box is
opened?
When does the wave function collapse?

Question 2: If we observe Schrödinger, what is his wave

function during the experiment?   When does it collapse?

1 1

2 2
( dead + alive ?)



Is the Moon there if 
Nobody Looks?





Quantum 
Theory



Can Quantum Theory help to 
understand Consciousness? 

Two Mysteries: 

1- The mind is mysterious, 

2- quantum mechanics is also mysterious



The terminology 'theory of everything' has always worried me. There is a certain 
physicist's arrogance about it that suggests that knowing all the physical laws would 
tell us everything about the world, at least in principle. Does a physical theory of 
'everything' include a theory of consciousness?

Current status of a “Theory 
of everything”.

Nature (433, 257 – 259, January 2005)



BING!!!

In  Western philosophy, consciousness is
a representation of the world in our brain



Consciousness

Executive
Cortex

Sensory Inputs

Emotions

Memory

Thalamo-cortical
Projections

Cortex

Thalamus

Neuroscientists Baars, Edelman/Tononi, 
Changeux/Dehaene, Crick/Koch cast    

thalamo-cortical oscillations as
Global workspace for consciousness 

BING!!



Mind Matter

Materialism
Brain=Mind=Computer



In Eastern philosophy consciousness is connected to a deeper reality

BING!!!           BING!!!

BING!!!                                            BING!!! 

BING!!!                                              BING!!! 

BING!!!                                               BING!!! 

BING!!!                                               BING!!!

BING!!!                                             BING!!!    



Mind Matter

Idealism



Descartes believed an immaterial     
soul perceived the world in our head

BING!!



Mind Matter

Cartesian Dualism



Mind Matter

Deeper reality

Neutral Monism



Mind Matter

Quantum spacetime geometry

Ground of being

Nonduality
Neutral Monism 



Localization of Intelligence

The general intelligence is localized to regions of the 
lateral prefrontal cortex.

M. Atherton et al. Cognitive  Brain Research, 16 (2003) 26-31, pg. 27



The Lancet , 2007, vol 370, p 262

Man with tiny brain shocks 
doctors

July 2007 by New Scientist and Reuters

http://www.thelancet.com/
http://www.newscientist.com/search?rbauthors=New+Scientist+and+Reuters


What is Consciousness?

Roger Penrose

Paramecium



Anesthesia - the "other side" of consciousness

The anesthetic-sensitive enzyme papain with halothane 

(black) “docked” by energy minimization into its 

major hydrophobic pocket 

Stuart Hameroff, 
MD

Tubulin

Microtubule



Grand Canyon, Arizona, Tucson, 1994

Microtubules in a Neuron

Microtubule

Tubulin



Conscious Anesthetized 

…in which anesthetic gases act via quantum London forces to 
selectively erase consciousness

Hameroff S (2006) Anesthesiology 105:400-412



Brain size

Human brain

Scaling the organization of

membrane signals in the brain_

from brains to atoms

60 m

TRIFM image of Ca channels

cells

nano-scale

Ion channelsFilter region

1500 cm3
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As



Quantum Effects in Biological Systems (QueBS 2010)- Harvard 
University
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1.2 nm 0.3 nm

What is the translocation time of ion 
movement in the Selectivity Filter?

What is the velocity of ions inside 
the Selectivity Filter?

S4

S3

S2

S1

S0



Summhammer, Salari, Bernroider, 

J. Integrative Neuroscience, 11, No.2,123-135 (2012).
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Laser cooling increases de Broglie 

wavelength of particles

T=0

1- Bosons (Bose-Einstein 

Condensation)

2- Fermions (Fermi Gas)

2001 Nobel Prize 

in Physics

Davis, Mewes, Andrews, van Druten, 

Durfee, Kurn, and Ketterle. Physical 

Review Letters 75 (22): 3969–3973 

(1995).

Particles become 

waves in laser 

cooling

mv

h
dB 

Room 

Temperature

Absolute zeroVery coldLow velocity
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Ions become slower 

in SF via trapping by 

eight C=O bonds

Quadrupole Ring 

in Ion Trap 

Device

March, Raymond (1997). "An Introduction to Quadrupole Ion 

Trap Mass Spectrometry". Journal of Mass Spectrometry 32 (4): 

351–369. 

Selectivity Filter Quadrupole 

Ion Trap

Oxygen

ion

Ions are trapped in the selectivity 

filter

Trapping is similar





More Wave Nature at Colder Temperatures
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Transmembrane potential= +100 mV

Transmembrane potential= -100 mV Transmembrane potential= -100 mV





Matter Wave around a Cell





Matter Wave Interference in a Tissue
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Experimental Group in Vienna, Austria

Quantum Effects in Ion Channels

Theoretical Group in Ulm, Germany

Quantum Effects in Ion Channels

Alipasha Vaziri

Martin Plenio




