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• First Quantum Revolution 
• Summary of Quantum Mysteries(?) 
• Second Quantum Revolution 
• Quantum Computers 
• Quantum Thermodynamics
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Accurate expansion rate 
1.5 cm/year 

(no space expansion)
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Quantum Mechanics
Quantum Mechanics is a mathematical theory of Physics that 

describes the properties of the smallest constituents of matter 
and interactions between them
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First Quantum Revolution
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Quantum Mysteries?
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• For single particles, quantumness is usually associated with  quantum 
interference, wave function collapse,… 
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Quantum Mysteries?
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• For single particles, quantumness is usually associated with  quantum interference, 
wave function collapse,… 

• However, it was recently proven that all quantum-mechanical interferometric 
effects can be explained classically by a local ontological model that imitates 
“quantumness” [Blasiak, Phys. Rev. A (2018)] 

beam splitters

detectorsphase shifters
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Quantum Mystery
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• This indicates that “true” 
quantumness lies in 
entanglement of many-particle  
(more than one) systems
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Entanglement Mysteries I
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• Entanglement of particles leads to non-locality of measurements 

NYT 1935
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Entanglement Mysteries I
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• Entanglement of particles leads to non-locality of measurements 

NYT 1935
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Entanglement Mysteries II
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• Entanglement of particles leads to emergence of time? 
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Entanglement Mysteries III
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• Entanglement of particles leads to emergence of gravity (space-time)? 
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Coming Soon - Second Quantum Revolution
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Coming Soon - Second Quantum Revolution
• Our current (high) technology is based on QM phenomena but does 

not exploit quantumness (except maybe for lasers) 
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Coming Soon - Second Quantum Revolution
• Our current (high) technology is based on QM phenomena but does 

not exploit quantumness (except maybe for lasers) 
• New quantum technology will exploit quantumness 
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Computer
• A traditional computer is based on binary operations 001110101…,  
   that can be realised with any technology, even by mechanical means 
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Quantum Computer
• A quantum computer is based on components that exploit quantumness 

(superposition & entanglement) 
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Quantum Computer
• A quantum computer is based on components that exploit quantumness 
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Quantum Computer
• A quantum computer is based on components that exploit quantumness 

(superposition & entanglement) 
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D-Wave Quantum Computer (Quantum Annealer)
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IBM Q 20-qubit Quantum Computer 2019
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Thermodynamics
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Thermodynamics is a mathematical theory of Physics that 
describes the properties of macroscopic systems
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Quantum Thermodynamics?

!25



 LFS 2019

Quantum Heat Engine
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Need to define QM energy, entropy, heat & work!



 LFS 2019

Hamilton-Jacobi-Bohm Formalism
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Thank you!


