
Why do we look to statistical mechanics ?
Distributions are reproducible

How do we think of micro states ?
Normally: {particle positions, momenta}, interactions known
Pivot to: {particle positions, forces}

How do we think of statistical ensemble ?
Analogs of microcanonical, canonical, etc.

Indeterminate/noisy interactions: friction, adhesion,…

Let’s start with some phenomenology & Thought 
Experiments

The collective behavior of particles with 
“noisy” interactions but no thermal noise



WHAT TYPE OF MATERIALS?

‣ Collection of macroscopic objects
‣ Purely repulsive, contact interactions.
‣ No thermal fluctuations to restore or create 

contacts
‣ Particles are rough
‣ Friction: Forces are independent degrees of 

freedom.  No Hamiltonian.
‣ States controlled by driving at the 

boundaries or body forces: shear, gravity
‣ Non-ergodic in the extreme sense: stays in 

one configuration unless driven

‣ No thermal or quantum fluctuations, yet states are characterized by 
broad distributions that are reproducible: definition of solid ? fluid ?

‣ Stress-driven transitions: triggered by changes in grain-grain 
interactions due to driving.





Behringer:  Looking inside “sand”



“Forces are carried primarily by a tenuous 
network that is a fraction of the total 
number of grains”  Geng et al, PRL (2001)

Ensemble averaged patterns of 
response  are sensitive to nature of 
underlying spatial disorder

Experiments: Stress Transmission 

We will see that there is an analogy 
between these “force chains” and 
charge propagation in a kind of E&M 
theory with vector charges

Gra nu la r med ia a re l ike 
dielectrics in this strange E&M: 
network determines the 
polarizability



Discontinuous Shear Thickening (DST)

Brown & Jaeger:  Reports 
on Progress in Physics 

(2013)
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Newtonian Fluid







Fluctuations



Statistics of Fluctuations (slow, broad)

Slow Dynamics
E. R. Nowak et al Phys Rev E 

(1997) T. S. Majmudar & R. P. Behringer

Nature, June, 2005



We bin the local pressure distributions by the external pressure. These distribution functions collapse 
onto a universal scaling function when the subregion (local) pressure is scaled by the external pressure. 
This holds for all coarse-graining sizes.  
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Local Stresses



Quasistatic Flows



�13

Simulations in 2D (Morris group)



�14

Transition from lubricated to frictional

Increasing Shear Stress


