
Brief history of density matrixPHYS813: Quantum Statistical Mechanics

Introduction of Quantum Mechanics in 1925 
vs. Quantum Statistical Mechanics in 1927

von Neumann and 
Landau introduced 

density matrix 
for proper 

and improper mixed 
quantum states, 

respectively

Wigner 1983: “Can an equation for time-change of the state of the 
apparently non-isolated system be proposed?”



Brief history of density matrixPHYS813: Quantum Statistical Mechanics

Density Matrix of Spin S=1/2
as a Matter of Life & Death

MRI imaging in medicine Quantum Computing
T1 scans 

highlight fat 
and muscle, 
making them 

bright; 
T2 scans 

emphasize 
water and 

fluids, 
making them 

bright

Dissipative quantum physics (decay of |P| signifies decoherence)
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Spintronics (P is spin-polarization of current)
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