
• cantilever dimensions ≈ 200 µm × 50 µm × 1 µm

• tip height and basis radius ≈ 5 µm × 1 µm

• tip apex radius ≈ 10 nm

• lattice constant L ≈ 0.5 nm
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Model

neglect “fast” thermal fluctuations of molecules

⇒ 2 “slow” state variables/collective coordinates:

x-coordinate of tip apex (rest position x = 0)

s : position of substrate along x-axis

• given x and s, the entire “global” configuration is uniqely fixed

• x, s “slow” ⇔ “fast” molecular fluctuations always close to equilibrium

• s = v t externally imposed (still “slow”)

⇒ goal: equation of motion for x(t)
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x = x(t) : position of tip apex (rest position x = 0)

s = v t : position of substrate along x-axis

substrate potential U(x−s) with U(x + L) = U(x)

elastic force −κ x(t) = −F (t) [κ ≈ 1 nN/nm]

.

“fast” fluctuations of molecules ⇒ thermal bath effects (close to eq.)

• dissipation of cantilever & tip −ηc ẋ(t)

• concomitant thermal noise
√

2ηckT ξc(t)

.

.
• dissipation of substrate −ηs (ẋ(t) − v)

• concomitant thermal noise
√

2ηskT ξs(t)

.

.

.

mẍ(t) = −U ′(x(t)−vt)− κx(t) − ηcẋ(t) +
√

2ηckTξc(t) − ηs(ẋ(t)−v) +
√

2ηskTξs(t)

η := ηc + ηs , ϑ := ηc/η , X(t) := x(t) − v t , F (t) = κ x(t) = κ (X(t) + vt)
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