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We can walk on sand beach, but when we scoop up a handful of sand, it runs off through our 
fingers. Even if we shake a container of mixed nuts well before we open it, we almost always 
find big Brazil nuts sitting on the top. In photo of desert area, we often find huge sand dunes 
with beautiful shape. These are all related to granular dynamics, which has been attracting 
people’s interest for a long time. 

The unique features of granular matter originate from the grain's macroscopic size; the grains 
are visible with naked eyes. The interaction between these “big rigid particles” typically 
dissipates energy into heat through frictions and inelastic collisions. In addition, the thermal 
fluctuation does not affect the motion of the grains – They are too big to show the Brownian 
motion. This makes the behavior of granular matter very different from molecular (or atomic) 
matter, which consists of huge number of tiny molecules that are always fluctuating randomly 
due to thermal fluctuation. In a molecular system, the balance between thermal fluctuation and 
interaction force among molecules determines the state: typically collection of molecules exists 
as a gas at a high enough temperature, becomes a liquid below the boiling point, and becomes a 
solid below the freezing point. In the case of the granular system, however, room temperature 
has no effect on the grain’s motion, and we need to add energy to the system continuously to 
keep them moving. Depending on the balance between the incoming energy and dissipation 
through grain-grain interaction, the grains may jump around and collide with one another like in 
a gas, may flow like a liquid, or stay at rest and support a load like a solid. However, unlike the 
molecular system, the granular system can easily switch among the states, and this results in 
fascinating behaviors that are very different from molecular systems.    

One of the fundamental questions is that how granular system switches between a liquid-like 
state and a solid-like state. Imagine a pile of grains on a slope. When slope is large enough, the 
grains will flow down. When we lower the inclination angle, the flow will stop at some point. 
The stopping angle is not zero but finite. Namely, the grains are subject to the shear stress, but 
they are jammed up and cannot move. This everyday phenomenon is called “the jamming 
transition”. Recent progress in this topic has impacts not only on granular physics but also on 
understanding the glass transition – glass is an abnormal solid where molecules are “frozen” in 
random position, and the transition to the glassy state has been, and still is, a big unsolved 
problem in physics. 

These fundamental properties of granular systems results in various fascinating phenomena, 
from mixed nuts effects to avalanche on huge sand dunes. In this session, it will be shown how 
unique and interesting the granular system is, and how scientists are struggling to understand 
this difficult but familiar and attractive system.  
 
 
 

 


