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Classical transport theorem

o (f: & — & | teX) family of diffeomorphisms — flow
e M(t) = f;(M) time-dependent manifold

[ w:[ w+f ivdw+/ hw
M M M oM

@ v velocity of flow



What if the evolution of the domain is not given by a flow?

@ develop holes
@ split into pieces

@ boundary could develop corners



Differential chains

differential chain ~ domain of integration

Je l§,r< = differential k-chains of class r

w € (BL)'= differential k-forms of a certain regularity

(w,J) »—>wa

Let M be a k-dimensional, compact, Lipschitz submanifold. There
isaJe B,l( that represents M, in the sense that

= for all Bi)'.
[Mw j;w or all we (By)




Constructing the space

© start simple

(g; ) q point, a simple skew k-form

f(q;a) wi=wlq) a

@ linear combinations

A= (gi i) f wi=Y w(q)-
iel A iel
© introduce the B" norm “the magic”

Q take limits .
An= Y. (g i,) — J e B}
im€lm
W= nlinoo Z w(gi,) - ai, Riemann sums!

im€lm



Operators on chains

Boundary

The boundary 9 € Lin(Bf, B;*1) exists and

=t dw forall JeBl, we (B,
jé;ij[Jw or a o we (B

0" =d A statement about adjoints!



A space of evolving domains

O start simple
(q(t); (1)) tel
@ linear combinations

A(t) = > (qi(t); ai(t))

iel

© introduce the C! norm
ct A
Q take limits A, — J € B, [Z]

J:T— B represents an evolving domain



Generalized transport theorem

Let J e BL[Z] and w € CY(Z, (BL*1)") be given. The function f,w
is differentiable and for all t € Z

([Jw)(t) =fJ(t)w(t) +];J dw(t) +_[Et8Jw(t) it k#0.

fw:fw+fivdw+f w
M M M oM




Possible applications

phase transitions
calculus of variations
fracture mechanics

diffusion

heat conduction




Thanks!



