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For the »system+environment« aficionados
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piffrencescan . For the »system+environment« aficionados

be negative

specific heat of a free particle

Motivation
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Does the free particle violate the third law of

thermodynamics?

P Héanggi, GLI, Acta Phys. Pol. B 37, 1537 (2006)
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We need an energy scale

@ put particle into a box

@ couple the particle to an environment
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Differences can

be negative We need an energy scale

@ put particle into a box

Motivation

Specific heat
and dissipation

@ couple the particle to an environment X
Path |

kT
Path new energy scale /iy — relevant quantity ;:_Y

Casimir effect

v — 0 corresponds to classical limit T — oo
Conclusions

Coupling to the environment makes the free particle more

quantum! [somewhat in the spirit of J. R. Anglin, J. P. Paz, and W. H. Zurek,
Deconstructing decoherence, PRA "97]
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Differences can

be negative
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Specific heat
and dissipation
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What actually do we mean by

»specific heat of a dissipative system«?
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Statistical physics 101

density of states p |
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| canonical partition function Z |

0lnZ

internal energy U |
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From partition function to specific heat lN k

| density of states p |

|

canonical partition function Z =

TrS+B(e_ﬁH)
Trg (e~ FHs)

AN

internal energy U

entropy S
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specific heat C?
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Motivation
Specific heat —ﬁH
and dissipation Trs+B (e ) olnZ
Two approaches Path 11 = U=-
Path | Trg (e~PHs) 0p
Path Il

=(H)—(Hp)

Casimir effect

=E+ |(Hsp)+ (Hp)—(Hp)B

Conclusions

For finite coupling to the bath, E and U differ!
= There is no unique way to define a specific heat.

P Hénggi, GLI, Acta Phys. Pol. B 37, 1537 (2006)
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Specific heat of a damped free particle lN k
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kB T/h’)/

m T — oo: classical value kg/2
Damping constant y determines temperature scale

m Third Law saved by coupling to the environment

m more damping makes the system more quantum
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be negative
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Motivation

Specific heat
and dissipation

Path |

C% kg

Path Il

Specific heat

Casimir effect

Conclusions 0 0.2 0.4 0.6 0.8 1
kB T/h}’

m already the leading high temperature corrections for CF
and C” differ
m The specific heat can become negative!?

P Hanggi, GLI, P. Talkner, New J. Phys. 10, 115008 (2008)
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reduced partition function
Motivation
Z
Specific heat z = S+B
and dissipation ZB
path | In order to obtain the entropy or the specific heat, one needs to
Fotn take the logarithm.
Negatie vlues = The reduced partition function leads to differences of

Casimir effect

entropies or of specific heats:

Conclusions
Z _ Z
C CS+B - CB

i. e., how does the specific heat change if the system degree of
freedom is coupled to the bath?
The difference of two positive numbers can be negative.
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GLI, P. Hénggi, P. Talkner Phys. Rev. E 79, 061105 (2009)
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Negative values r 1
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GLI, P. Hénggi, P. Talkner Phys. Rev. E 79, 061105 (2009)

Coupling of a degree of freedom to an environment can lead to
areduction of the specific heat.
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GLI, A. Lambrecht, S. Reynaud, Phys. Rev. E 80, 041113 (2009)
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m Dissipation can save the Third Law of thermodynamics.
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m Dissipation can save the Third Law of thermodynamics.
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m Dissipation can save the Third Law of thermodynamics.

m For nonnegligible coupling to the bath, specific heat is not
uniquely defined.

m The reduced partition function can lead to negative values
of the (difference of) specific heat(s).
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Differences can

be negative
R m Dissipation can save the Third Law of thermodynamics.
specific heat m For nonnegligible coupling to the bath, specific heat is not
and disipation uniquely defined.

path | m The reduced partition function can lead to negative values
pathil of the (difference of) specific heat(s).

m This scenario finds an application in the Casimir effect.

Casimir effect
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