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As shown in Fig. S1, the position vector of the levitated particle is
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Fig. S1 Schematic illustration of centrifugal motion of a levitated particle.
n =(R+x)e, (wt)+ yé,(ar) (S1)
In (S1), the transfer of the local coordinate to the inertial coordinate are as follow

e (wt) = cos(at)é, +sin(wt)e.

(82)
e, (ax)=—sin(ax)é, +cos(ax )é.
The net force applied on the particle is
mii =—k(n ~Ré&, )-Tm(d -1, ) (S3)

In which, m is the mass of the levitated particle, k is the stiffness of the optical trap, I is the

damping coefficient, and velocity and accelerate of the particle are
n=(t-ay)e, +(Ru+xw+y)e, s4)
i = (¥ - 209 - @ (R+ X)), + (7 + 2wk -y,

where 2wx and 2wy are Coriolis accelerate, w?(R+x) and w?y are centrifugal accelerate. Hair is the
velocity of air in a 5x5x Ilmm sealed chamber (Fig. 2). The velocity of air on the different position is

simply approximated as
i, (., 08,)=al-a), + BRa+xw), (S5)

where o and B are empirical coefficients to describe the velocity difference with chamber, (xé; y€p)
represents the particle position. Since the particle moves relative to the chamber, the air around the

particle is changed. In this case, the relative motion between the particle and the air is
n-1,, =[+(@-Daylk, +[i+01-Bla(R+x)e, (S6)

Therefore, the coupled equations of motion are:



mli - 200 — @ (R +x)| = ~kx = T + (0= )y ]
m(§+ 2t - 0 y) = —ky —=Tm[j+(1- B)ex(R +x)]

When the turntable rotates at constant o (steady state), the particle deviate from the center in a

(87

constant distance. Therefore, the Coriolis accelerate, velocity and accelerate in x and y can be neglected.
In the steady state, the air in the chamber would follow the rotation, hence a and  can be approximated

as 1. The equations of motion can be rewrite as:
k
[ -’ )x =w’R
" (S8)
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[k/m =27f =345 >> w(w<2m), f=54Hz is the transverse oscillation frequency of the trapped

particle in our experiment. After ignoring the smaller value, the equilibrium position of the particle are:

_mR ,
T (S9)
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