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I will demonstrate the following: 

• Given the external forces on the disks 

• Given the directions connecting the centers of 
mass of the disks (but not the distance!) 

• I can solve for all the forces, normal and 
tangential. 

• I do not need to know the force law for the 
frictional forces. 



Why is the problem difficult? 
If I have N disks and c contacts, there are N constraints on the c forces  

We can consider separately the force balance equation for the x-components 
and the y-components 



The matrix M has dimension 2Nx2c and it contains the “direction information” 

Without friction the matrix M has dimension 2Nxc, and the system is isostatic 
when 2N=c 

The frictionless problem 



When the system is pressed c>>2N 

Has then c-2N zero modes and cannot be inverted! 

The matrix B has dimension 3Nx2c and 2c>>3N 

Now you should say, but what about the torque balance?  

But now we have c new unknowns! 



The matrix Q has dimension 2Pxc 



To proceed we need the normal force law. Assume Hookean. 



The dimension of the matrix G is (3N+2P)x2c 

Are we home free or not?  

Let us ask Euler:  







What next? 

• Generalize to 3-dimensions 

• Compare to experiments 

• Turn to a universal method 

• Use to study the stability of force chains 

• Use to invert to find the force law 

• Etc. etc.  etc. 

 

 



Thank you! 


