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Fig. 1. Time t dependence of velocity amplitude of

exciting waveform A; (black line) and velocity ampli-

tude of receiving waveform As (blue line).
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Fig. 2. Pressure dependence of velocity of acoustic wave
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propagating through frictionless granular matter, the
solid line are the fitted line: (a) The velocity of transver-
sal wave versus pressure exhibits picewise power law scal-
ing behaviors; (b) the velocity of longitudinal wave ver-
sus pressure shows similar picewise power law as that of
transversal wave; (c) the ratio of shear modulus and bulk

modulus G/B versus pressure P.
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Abstract

The transversal and longitudinal wave velocities, the acoustic attenuation coefficients, the nonlinear coefficients
at different pressures and the acoustic attenuation coefficient as a function of frequency in a two-dimensional (2D)
monodisperse disc system are numerically calculated. The results show that the transversal and longitudinal wave
velocities both exhibit a piecewise power law with pressure P. When P < 10™*, the velocity decreases with the increase
of pressure in the 2D disc granular system, and when P > 10™*, the transversal wave velocity V; and longitudinal wave
velocity Vi show the scaling power laws, i.e., vy ~ P%2°? and v ~ P%3%8 respectively. The ratio of the shear modulus
to the bulk modulus G/ B shows a power law scaling with the pressure, G/B ~ P52 implying that the system lies in
an L glass state at low pressure, similar to that of a three-dimensional (3D) spherical granular system. The attenuation
coefficients (ar,ar) of the horizontal excitation and vertical excitation also show the picecewise behaviors with the
change of frequency f. When f < 0.05, neither of the two attenuation coefficients changes with frequency f. When
f>0.05 ax f& o, «< f. And when f > 0.35, ar o« f2? and a1, < f'®. In addition, the nonlinear coefficient and
the attenuation coefficient of the 2D disc granular system under the vertical and horizontal excitation both also show
a piecewise law behavior with pressure, similar to that of the acoustic velocity. When P < 10™*, only the transversal
nonlinear coefficient changes according to St o< P~%23° while the other coefficient has no change. When P > 10~*, the
attenuation coefficients and nonlinear coefficients decrease according to their power law with the increase of pressure,
ie, fr x P70 B o« P70 qp o« P70099 o o« P7%195 The characteristic length £*, which characterizes the
disordered structure responsible for the scattering, also decreases according to power law with the increase of pressure,
whenP < 107%, £* oc P~%%%; when P > 10™*, ¢* oc P*2%.
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