
Information Entropy



Information Entropy Introduction

first introduced in 1948 by Claude Shannon:

𝐻 𝑥 = −෍

𝑖=1

𝑛

𝑝𝑖 log2(𝑝𝑖)

https://en.wikipedia.org/wiki/Claude_Shannon



Information Entropy vs. Classical Entropy

Information Entropy:
uncertainty or average amount of 
information

𝐻 𝑥 = −෍

𝑖=1

𝑛

𝑝𝑖 log2(𝑝𝑖)

Classical Entropy:
degree of disorder or randomness 
within a system

𝑆 = 𝑘𝐵𝑙𝑛Ω



Their Purity and Mixedness

Pure State:

the most complete knowledge of a 
system’s state

fully described by a single 
quantum state vector

“uncertainty” is minimal

Mixed State:

we do not have complete 
knowledge of a system’s state

described as a probabilistic 
mixture of multiple pure states

“uncertainty” is higher



Von Neumann entropy

To quantify the mixedness of a quantum system or its quantum 
information uncertainty

𝑆 𝜌 = −𝑇𝑟(𝜌 log2 𝜌)

diagonalize the density matrix

𝑆 𝜌 = −෍

𝑖

𝜆𝑖 log2 𝜆𝑖

https://en.wikipedia.org/wiki/John_von_Neumann



Von Neumann entropy Purity and Mixedness

Pure State
the most complete knowledge of 
its state 

entropy of a pure state is 0

Mixed State

knowledge of state is incomplete

multiple non-zero eigenvalues(𝜆𝑖), 
and these satisfy σ𝑖 𝜆𝑖 = 1

the von Neumann entropy is 
greater than 0



Why is it important

Quantifying the mixedness and uncertainty of quantum states

Information compression and quantum encoding



What do we know from "analyzing quantum 
systems"

State and evolution

Entanglement and correlations

Information storage, processing, and transmission
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