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The microscopic stress tensor (force moment) of grains is defined as
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Conserved quantities

p(z,y) = V¥ =V - jlz,y),
where p(z,y) = V.

In terms of our original “height” fields, h, = p,, hy, = —p,

The global quantity:

L L L L , & -
= |, dz [, dy(ome +oyy) = [, dx |, dyV - pla,y)
and can be written as; f p - dn (using divergence theorem in 2D)

Taking our box to be a square,
F:<p$>L—<pI>g—|—<py>L—<py>g.

L
< pz >1= [y pa(L,y)dy
Jo Boundary terms
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Ensemble

1. Any blocked state can be assigned a value of I'. All states with the same
value of I' belong to the same topological sector. Different topological
sectors are not connected by any local dynamics and, I' is a conserved
quantity. In terms of the components of the total force, I' = f, + f,

2. in addition to I', which is the mean curvature of the surface v(x,y), there
is the integrated Gaussian curvature of the surface which is given by

K = fOL dx fOL dy(O 204y — ng). The integrated Gaussian curvature is,
of course, a topological invariant for a closed surface. In the absence of a
shear stress, the mean curvature and the Gaussian curvature are simply
related. If there in average shear, though, the surface needs to be char-
acterized by the two independent, integrated curvatures, I' and . Each
grain configuration is then labeled by I' and s not just I'. A Boltzmann
type entropy will then be S(I', k) = In Q(I', k) where 2 counts the number

of blocked states in the sector (I', k)
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