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Quantum Probability vs
Classical Probability
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Quantum Basics:
Quantum Probability

4

1 2 3

QuantumProbability:
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Superposition
of Projections
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Dynamics: Schrodinger Wave Equation
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Dynamics: Schrodinger Wave Equation
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QuantumMeasurement
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The interpretation of
Quantum Measurement
is still a controversial
part of Quantum Theory
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A quantum measurement is an
entanglement with the
environment ( measuring
device)
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Heisenberg Uncertainty Principle
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Quantum Collapse:
Ontology vs Epistemology
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An observation/measurement of the observable produces

a collapse of the wave function for a mixed state

into one of the pure eigenstates ( )with probability
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Max Born
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Quantum Statistical
Mechanics

*
1 2 1 2Quantum Density Operators : with (Hilbert-Schmidt) inner product ( , ) ( )

(These carry all the quantum probability information & are often thought of as quantum states)

Defining Properties
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: [ , ] ( ) ,Quantum Master Equation

Ensemble Averages; Quantum Measurements:
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Ensemble Behavior
from Multiple Experiments



Quantum Measurement
POVM=Positive Operator-Valued Measure
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Quantum Dynamical System
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Note: is an invariant set: (0) S (t) S t 0

"Once a quantum density, always a quantum density"
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A Basic Online Linear Estimator
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Quantum Density System

Linear Quantum Density Estimator
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The Set of All Quantum Density
Operators

* 2
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Projection Operator for Closed Convex Sets in Hilbert Space

Hilbert Space with closed, convex .
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* * *

Properties of the Projection

1) ( ) is defined

2) ( )

3) ( )

4) Re( , ) 0 ("Principle of Orthogonality, sorta")

5) is Lipschitz Continuous, . .
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Modified Quantum Estimator
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Quantum Density System

Linear Quantum Density Estimator
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Quantum Information Theory

1

Classical: Shannon Entropy ( ) log ,

"the average amount of information gained from learning the value of the random variable "

or "the average uncertainty before learning the value of x"
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Qubit Estimator
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Adaptive Quantum State Estimation in Hilbert Space
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Continuous
Quantum
Measurement
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Input &
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Quantum Cognition

Model of
Human Decision-Making

NSF Proposal: A Quantum Approach to Human Cognition and the Autonomy Conundrum in
Self Driving Vehicles, James Hubbard and Mark Balas
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“We don’t know where we are stupid
until we stick our necks out”
………………..Richard Feynman


