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Introduction
Fluctuations produce forces
Reflection produces friction
Quantum friction between graphene and SiO2

Friction induces electric field
Friction generates heat transfer
Conclusion
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Quantum friction

grapheneelectrode

SiO2
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Fluctuations produce forces

H.Casimir 1948
E.Lifshitz 1954
Quantum fluctuations dominate for d < λT = c!/kBT
Thermal fluctuations dominate for d > λT = c!/kBT
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Reflection produces friction

v

!+q   vx !-q   vx

J.Pendry 1997
A.Volokitin and B.Persson 1998,2008
Doppler effect ω′ = ω − qxv
Thermal fluctuations dominate at v < vT = kBTd/!
Quantum fluctuations dominate at v > vT = kBTd/!
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Current density-electric field dependence
in graphene on SiO2
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Fx(Td, Tg, v)v = Sz(Td, Tg, v) + αphon(Tg − Td)

vsat ∼ ωph/kF ∼ 106m/s
Jsat = ensvsat ∼ 1mA/µm

– p. 5



Friction induces an electric field
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Theory. M. B. Pogrebenskii 1977, P. J. Price 1983
Experiment. T. J. Gramila et.al 1991, U. Sivan et.al 1992
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Frictional Drag between Graphene Sheets

Low Velocities
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At low velocities v # vF induced electric field E = µ−1v.
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Frictional Drag between Graphene Sheets

High Velocities
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Radiative Heat Transfer.

Theory. D.Polder and M. Van Hove 1971
Experiment. Rousseau E. et al 2009; Shen S. et al 2009
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Friction generates Heat Transfer

Fx(Td, Tg, v)v = Sz(Td, Tg, v) + αphon(Tg − Td)
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Phononic and Radiative Heat Transfer
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n = 1016m−2, d = 0.35nm, αph = 1.0× 108W m−2K−1
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Quantum and Thermal Energy Transfer
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Radiative Energy Transfer
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Dependence of Heat Flux on Electric Field
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Conclusion

Quantum friction has fundamental significance
because, as superconductivity and superfluidity, it is
manifestation of quantum laws on the macroscopic
scale
Quantum friction can has practical application in MEMS
and NEMS and can be important in ultrasensitive force
registration
At present quantum friction can be studied using
graphene field-effect transistor
Quantum fluctuations can generates radiative energy
transfer comparable with radiative heat transfer due to
thermal fluctuations
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