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Introduction

Recent experiments and simulations of collisions of granular particles

Model
The elastic wave equation and the wall potential
Results

The energy stored in the vibration is transformed into translational energy.

Discussion

Perturbation theory

Conclusion
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Molecular Dynamics
Super Rebounds

O! Breaking the second law?
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Two Approaches

Molecular Dynamics

Many-Particle

Microscopic structures

Depending on the size
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Continuum Model

Continuum

Macroscopic motions

Independent of the size

—>» larger than 100 nm
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Elastic Wave Equation
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u= <0(1)> VV.u- (c(t)> V x (V xu)
Divergence term  Rotation term

¢ : Vertical sound velocity
¢Y) : Horizontal sound velocity



Elastic Wave Equation

u= (c(l)>2VV-u— (c(t)>2v X (V x u)

Divergence term  Rotation term

Stress Free Solutions ¢ : Vertical sound velocity
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Elastic Wave Equation

u= (c(l)>2VV-u— (c(t)>2v X (V x u)

Divergence term  Rotation term

Stress Free Solutions ¢ : Vertical sound velocity
__________________________ C(t> : Horizontal sound velocity

Spheroidal modes Breathing Quadrupole
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No contribution in head-on collisions — Neglected



Equation of motion p :Mass density

u—((l)) vv'u_(c(t)YVx(qu)—%(;—z M : Mass

Wall Potential M
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n :Number density g : Cohesive parameter

p n o ¢ :borrowfrom copper P. M. Agrawal et al., Surf. Sci. 515, 21 (2002).



Equation of motion p :Mass density
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Wall Potential M
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Center of Mass

20(0) Fix : at the position V=0
20(0) =vo  Control :0.0001 ~ 0.1 sound velocity

Distribution of vibrational modes
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Restitution Goefficient vs Impact Velocity
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Restitution Goefficient vs Impact Velocity
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Restitution Goefficient vs Impact Uelocity
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Restitution Goefficient vs Impact Velocity
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AH,m : Excitation energy of each mode
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AH,m : Excitation energy of each mode
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Cohesive Parameter
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Perturbation Theory
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AHun @ Excitation energy
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Two Ball Gollisions
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Simulation

Super rebounds are found when the radius, the temperature and the
velocity are 100 nm, 300 K and 10™* sound velocity, respectively.

The quadrupole mode is the most excited in this condition.

Sinusoidal structure is found in the restitution coefficient as a function

of the initial phase of the quadrupole mode.

Perturbation theory

The perturbation theory is good agree with our simulation when the
initial velocity is lower than 10 sound velocity.

The sinusoidal structure of the restitution coefficient is derived using

this theory.
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