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Finite-time thermodynamic processes

In textbooks of thermodynamics, all thermodynamic
processes are usually considered quasistatically. It requires
infinite time to run a cycle of a Carnot heat engine.

For the real purpose, we hope to possibly reduce the
operation time of thermodynamic processes and also their
thermodynamic cost.

Thus, we require the evolution equations of the processes.
[sothermal: p=ZLwlp.

Control parameter: A(t)

[solated: p = —i[H|A(2)], p)




Finite-time thermodynamic processes

We consider a given protocol of the control A(s) with the
rescaled time s = t /7.

Under a given protocol, the thermodynamic cost will scale

with the operation time
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Thermodynamic optimization problem:

(1) What 1s the scaling index a.

(2) Optimizing the protocol A(s) to reduce X.




Finite-time isothermal processes

“Thermodynamic length” answers the above questions for
slow 1sothermal processes without crossing phase transition.

(1) a =1 due to the linear response of the change of
instantaneous equilibrium states.

(2) A metric g"*V is derived for the optimization. The optimal
protocol with the least excess work 1s given by the
geodesic path with the shortest thermodynamic length.
And the control parameter A is varied with a constant
velocity of the thermodynamic length.
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Finite-time adiabatic processes

The above geometric optimization does not suit the adiabatic
processes of 1solated quantum systems.

For slow adiabatic processes, high-order adiabatic
approximation shows the extra work will be
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There is no general method to optimize the protocol A(s).
Besides, the quantum adiabatic theorem cannot give the
timescale that ensures quantum adiabaticity.
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Finite-time adiabatic processes

We propose a “dynamical quantum geometric tensor’ for the
optimization of the protocol of slow adiabatic processes.

The optimization goal is to possibly minimize the
nonadiabatic transition probability P, (t) of the nth energy
level.
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* General theory
« Examples:
* Landau-Zener model
* 1D transverse Ising model

« Conclusion and outlook
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