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Abstract: The third law of thermodynamics has a controversial past and a number of formulations due to Planck, Einstein, and Nernst. It's most
accepted version, the unattainability principle, states that "any thermodynamic process cannot reach the temperature of absolute zero by a finite
number of steps and within a finite time". Although formulated in 1912, there has been no genera proof of the principle, and the only evidence we
have for it is that particular cooling methods become less efficient as a the temperature lowers. Here we provide the first derivation of a general
unattainability principle, which applies to arbitrary cooling processes, even those exploiting the laws of quantum mechanics or involving an
infinite-dimensional reservoir. We quantify the resources needed to cool a system to any particular temperature, and translate these resources into a
minimal time or number of steps by considering the notion of a Cooling Machine which obeys similar restrictions to universal computers. We
generaly find that the obtainable temperature scales as an inverse power of the cooling time, and place ultimate bounds on the speed at which
information can be erased.
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Deriving thermodynamics from first principles

Wa allow for ANY transformation on 3, Hian ® Houmight

which

1. microscopically reversible

2. preserves energy

). commutes with translations on the weight
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Introducing time in thermodynamics

RESOURCES: V
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Introclucing time in thermodynamics

RESOURCES: V and Wiy
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Optimal cooling process - density of states of the bath

QE) =c’E) P(b)=Je

B A e T T = e e e e e—

Pirsa: 15050098 Page 6/15




Pirsa: 15050098 Page 7/15




Optimal cooling process (erasure) - error probability

I(E) =Y p<e UAE)

21(Ep) = 1(Eo + Winax)
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Optimal cooling process (erasure) - error probability
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Optimal cooling process - lowest achievable temperature
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Third law of thermodynamics?
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Third law of thermodynamics? - radiation bath

Q(E) - kon[E/ch)]
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Third law of thermodynamics?

dsI(Ep, V) = HSI(EQ -+ <
Ts
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Conclusions

» Introduce time in thermodynamics through V and Winax

Pirsa: 15050098 Page 14/15




Conclusions

» Introduce time in thermodynamics through V and Wiax

» Faster Q(E) growth = lower T¢

» Exponential (or faster) growth = T¢ =0
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