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• We model a nano-electromechanical device as a 
flywheel converting electrical to mechanical work.

• Self sustained oscillations are observed with high 
bias and energy dependent spectral densities; 
qualitatively matching recent experiments [1].

• The Ergotropy was found to be a good order 
parameter for this self sustained oscillation 
transition.

• The ergotropy of the oscillator is given by

• Explore the electronic properties of the system – using the self 
sustained oscillations as a quantum clock.

• Use different systems in the central region of the model.

• Apply a thermal bias and explore the effects of the oscillator.

• Using the quasi-adiabatic approximation
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Figure 1: Schematic diagram of a quantum dot is coupled to two 
electrodes, with temperature TL and TR and chemical potential μL and

μR respectively. The quantum dot is also coupled to a harmonic 
oscillator. The effect of the oscillator is to alter the energy of the 

quantum dot.

Figure 2: The excess dot occupation, fluctuation and dissipation at various 
biases. At large bias the damping becomes negative.

• Langevin Equation describing the oscillator

• The dissipation and fluctuation terms are given by the noise spectrum
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• System Hamiltonian:
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Figure 3: The Wigner Function of the system at various biases. The Wigner 
function moves from a thermal blob to an annulus shape highlighting the 

transition to self-sustained oscillations
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• With large applied bias and energy dependent spectral 
densities one finds negative damping
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• The spectral density is given by a Lorentzian curve

Figure 2: The maximal work extractible under a unitary operation (red, dotted), 
thermal operation (red, dashed) and the entropy (blue)
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