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Dynamics model of vibrated probe 
The dynamics of the oscillated probe sphere motion can be modeled using the following 

mass-spring-damper system: 

mÝ Ý x + DÝ x + k(x − A sinωt) = F (t)        (1) 

where m is the mass of the sphere, D is the viscous drag coefficient, k is the spring constant, 

and x is the probe displacement from the equilibrium point. A and  are the oscillating ampli-

tude and angular frequency, respectively, such that Asin t indicates the position of the beam 

waist. F(t) represents the random force caused by Brownian motion. The response amplitude 

of the probe, X, is obtained by the following equation. 

X

A
=

k

(k − mω 2)2 + D2ω 2         (2) 

In the free space, the Stokes drag can be applied to the viscous drag coefficient (D = 6 r).  

 

Damping of oscillated probe sphere near the surface 
When the probe sphere is oscillated in the vicinity of a surface, the oscillation is damped as a 

result of the force derived by the compression and expansion of the surrounding air, as 

shown in Fig.3. This damping force is described as the viscous drag force in Eq.(1). From 

Eq.(2), it is predicted that the response amplitude will decrease with an increase in the visc-

ous drag coefficient, D. The viscous drag force toward the single sphere close to the wall was 

well studied in Ref.3. The viscous drag coefficient for a sphere oscillated parallel to a wall 

surface, D//, is Faxén’s law [3], which is described as follows. 

D// =
6πηr
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5        (3) 

where r is the radius of a sphere, h is the distance between the surface and center of the 

sphere, and  is the viscosity. The viscous drag coefficient for a sphere oscillated perpendicu-

lar to a wall, D⊥, is given as Brenner’s infinite sum formula [3]. However, Brenner’s formula is 

not convenient because of an infinite sum. Instead, E. Schäffer proposed an approximated 

formula as follows [4]. 

D⊥ =
6πηr
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Figure 4 shows the viscous drag coefficients against the distance between the probe and the 

surface, as calculated by Eqs.(3) and (4). Figure 5 shows the corresponding amplitude of the 

oscillated probe sphere. The response amplitude is normalized by the amplitude in the free 
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