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Quantum ThermodynamicsQuantum Thermodynamics
Any theory should be consistent with Thermodynamics

Einstein 1905
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The paper is wrongly interpreted as the photoelectric effect

 .Millikan, R. (1914). "A Direct Determination of "h."". Physical Review. 4 (1): 73–75
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Quantum ThermodynamicsQuantum Thermodynamics

Finding quantum analogies to:

0) System bath partition:
Approach to equilibrium.

1) The first law:
Energy change. 

2) The second law:
Entropy change.

3) The third law:
         Approaching the absolute zero.

Any theory should be consistent with Thermodynamics

Einstein 1905
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Carnot efficiency of a 3!level amplifier
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Laser Cooling reversing the 3!level amplifier
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D. J. Wineland and H. Dehmelt, Bull. Am. Phys. Soc. 20, 637 (1975); T. W. Hänsch and A. L. Schawlow, "Cooling of Gases by Laser Radiation," Opt. Commun. 13, 68 (1975).



The von Neumann mathematical formalism of Open systems
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Quantum entropy
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The Markovian Master Equation and isothermal partition
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Reduceed dynamics
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Markovian quantum Master equation LGKLS
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The Born-Markov weak coupling approximation
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The repeated Collision model

ronniekosloff
Rectangle

ronniekosloff
Rectangle

ronniekosloff
Rectangle



ronniekosloff
Rectangle

ronniekosloff
Rectangle

ronniekosloff
Rectangle

ronniekosloff
Rectangle



ronniekosloff
Rectangle

ronniekosloff
Rectangle



The Gaussian semi-group: the singular bath limit
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The laws of quantum thermodynamics
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Inserting Dynamics into ThermodynamicsInserting Dynamics into Thermodynamics
Open quantum system
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L D Lindblad’s form
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L D is the generator of the
quantum dynamical semigroup
(Quantum Master Equation)



E = $L D(H)%+ "H
 "t$     %

E =    Q      +   P 
. .

1) Time derivative of first law of thermodynamics: energy balance

Inserting Dynamics into ThermodynamicsInserting Dynamics into Thermodynamics

TB

System Bath
Q .0)  The zeroth law of thermodynamics: Ts & TB

TsQ: Isothermal partition ' weak coupling limit

!s(B = !s(!B At all times.

Q: Quantum definition of work and heat current

TcHs

System Bath
RadiationP

Q .
.

2) Second law of thermodynamics: irreversibility: work & heat

d
dt Ss + d

dt SB ) 0 S = ! tr{ ! ln ! }



The quest to cool to the absolute zero temperature

Walter Nernst stated the third law of thermodynamics:

"it is impossible by any procedure, no matter how idealized, to reduce 
any system to the absolute zero of temperature in a finite number 
of operations"              

 1) Unattainability principle

Entropic view of the third law of thermodynamics: 

"The entropy change of any process becomes zero 
when the absolute zero temperature   is approached",                             

2) Nerst heat theorem isoentropic
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