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‘Relation between Work and Information’

Entropy S is associated with 

both an object and an 

observer



Information and work extraction-why care?



The relation between work and information : overview



Energy, how is it modelled



Why/when is energy conserved



How to model energy transfer between systems?



What is work?
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Example*



What is information
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Entropy



Conceptual: Probabilities are subjective

Entropy S is associated with 

both an object and an 

observer



If the number of messages in the set is finite then this number or any monotonic 

function of this number can be regarded as a measure of the information produced 

when one message is chosen from the set, all choices being equally likely. As was 

pointed out by Hartley the most natural choice is the logarithmic function.

Shannon 1948

The great advance provided by information theory lies in the discovery that 

there is a unique, unambiguous criterion for the the "amount of uncertainty" 

represented by a discrete probability distribution [...]

Jaynes 1956

Information Entropy: how to quantify 

information



Examples of Entropy measures



Question, how large a memory?



Shannon entropy and large n iid limit



Quantum entropy



Other entropic quantities
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Inequality with energy and entropy
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Operational meaning of F=U-TS
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1                       2
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What is relation between work and information? 

Szilard engine illustrates
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Work value of one bit 

is kTln2

Free energy has 

entropy in it



Landauer’s principle for the reverse process.
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Trend of minimum transistor switching energy
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[Michael Frank, MIT]



Daemon (such as Szilard’s) violates second law?



Life and Landauer’s principle



Thermodynamic Meaning of Negative entropy

Del Rio et al, 

Nature 2011



Protocol erasing A with cost S(A|Q)kTln2:example



Application for cooling computers

Unitary
Output qubits



Current state of art in work-information relation
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Summary & Outlook
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