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Motivation
Quantum mechanics needed for an accurate description 
description of nanoscale (thermal) machines 

- role of coherence and entanglement
- quantum measurements
- minimum temperature in small quantum chillers
- relevance of quantum statistics
- quantum fluctuations
- feedback effects
- engineered nonequilibrium distributions for the baths

Some questions of quantum thermodynamics:
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Minimal models of  quantum motors
Useful to uncover and analyze fundamental aspects of 
energy conversion

A long history and a rich literature

[PRL 2, 262 (1959)]
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Double-well qubits (with periodically 
modulated tunneling barrier) between cold 
and hot baths
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A minimal model of coupled flows

For the purposes of energy conversion in nanodevices it 
is important to consider coupled flows (for instance, 
phonon and electron transport in thermoelectricity)

Here we introduce a minimal motor for coupled (spin 
and particle) flows
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A dynamical model of an open quantum system

( e x t e r n a l p e r i o d i c 
driving, e.g. a time-
dependent magnetic 
field)

(ex: quantum dots, with a capacitative coupling)
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Local dissipation (Lindblad form)

relative pumping rate into the upper state
Local Lindblad operators: out-of-equilibrium magnetization baths 
( in genera l tempera ture cannot be def ined , except 
for                               , when                                                          )
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Working of the quantum motor

Quantum definition of work and heat currents:

Diagonalize the Floquet-Lindblad operator to find the 
periodic steady state:

output power

(energy exchanged with the i-th bath)
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Currents and efficiency

Particle and spin currents averaged over one period:

Efficiency of the motor:

9



Numerical results

particle current
(proportional to 
power)

efficiency 
(cannot compare to 
Carnot efficiency)

10



Robustness to dephasing
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Necessity of spin coupling 
The particle current (and hence the power) vanishes 
when either               or 

In this case the steady state is time-independent and 
separable:
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Nonseparability of  the periodic steady state

Singular value decomposition:

time-averaged largest singular values:
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Minimal motor to perform work against a periodic 
driving from an out-of-equilibrium energy flow

Coupled spin magnetization/particle transport 

Non-equilibrium magnetization baths

Possible extensions: use thermal baths, analyze the 
effects of system size, interactions, particle statistics, 
and the role of measurement on the motor’s 
performance

Conclusions
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