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 Classical thermodynamics
◦ Thermodynamic processes
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 Quantum thermodynamics
◦ Definitions

◦ Quantum Carnot cycle

 Self contained heat engines



Thermodynamic processes
1st law of thermodynamics

System + thermal bath



http://www.grc.nasa.gov/WWW/K-12/airplane/carnot.html
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Temperature & 
Thermal equilibrium state

Hamiltonian

rnn= C exp{-En/kT}

rnm= 0

Effective temperature?



How about Work & Heat?

Work

Heat



How about Work & Heat?
Work: Change of eigenenergy, change of Hamiltonian
Heat: Change of population distribution



Quantum Carnot cycle
Two level system
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External work (control) involved
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Self contained heat engine

qubit 1 qubit 2
SHO

or

Ladder
in real
space
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ii)



Self contained heat engine

>0

Hamiltonian does not change!!

=0



Work and Heat?

Work

Heat current

Population change



Efficiency

Carnot efficiency

when =



… and that’s it


