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Friction: “Force resisting the relative
motion of surfaces In contact”




Static friction:

Frax = Us N

A block on a ramp

Kinetic friction:
F=puN Free body diagram

Drag? F~v, F~V?




Leonardo da Vinci
(1452-1519)



Amonton (1699). S
- The force of friction is directly proportional | X

to the applied load
- The force of friction is independent of the
apparent area of contact

Coulomb (1785):
- Kinetic friction is independent of the
sliding velocity




What is the area of contact?




What is the area of contact?




Bowden-Tabor (1950):
Friction is proportional to the real area of contact.
But area of contact is (mostly) proportional to load.

- We need to understand
the microscopic behavior of —
surfaces 1-100am



Roughness power spectrum Clq) =

f d*x (h(x)h(0))e 4
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(and Friction force microscopy)

A Atomic Force Microscope B AFM Imaging Modes

' Laser Contact Mode

Y

\ Cantilever Tapping or

with Tip Non-contact Mode

;—-—;‘"
Sample

Segmented
Photodiode




Lateral Force (nN)




0,3

F, (nN)

0,3}

0,6







Friction (nN)

Scan distance (nm)

Ulx, 1) = U, cns(z—wx) + g(x — vt)?
a

oU(x, 1) + 70)

mx + myx = —

Depending on K/Uo, transition from
smooth sliding to stick-slip

In stick-slip regime F~log v
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Stick-slip Smooth sliding
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on K/Uo (Aubry transition)

Formation of solitons (kinks)



From Tomlinson to FK







From Tomlinson to FK




From Tomlinson to FK

Depending on av/ac ratio at different K/Uo there is transition from pinned to free sliding
(Aubry transition)
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Graphene flake on graphene
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Dissipation? Driving

Inertia

mx + myx =
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‘simulation cell
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Breakdown of Coulomb's law for
s 4 - small systems at v~exp(-AE/KT)
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a) ion trap

ion trap

(a)

static friction force F / F
n=2.2
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