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Balance laws:
- Slides 6-13 for dynamic case are FYI
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Transfer of boundary to interior integral higher dimensions

@ (2 is compact and closed.
@ 012 is piecewise smooth.

@ Normal vector n is defined almost
everywhere (a.e.) and is pointing outward.

o tensor field (scalar, vector, matrix, ...):

o F; = OF /0Ox; exists everywhere and
e is continuous.

/ Fn;dS= | F;dV (18)
Jon L9

This is the generalization of the 1D version:

1.F(b) + (=1).F(a) = F(b) — F(a) = F'(z)da
[a,b]

19 /456

Divergence Theorem CL iw&w\
Let tensor field F have costinuous partial derivatives, F';, everywhere for

all 7, 2 be closed, compacted, and has piecewise smooth boundary with

well-defined normal vector a.e. m‘__\‘\
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all 7, {2 be closed, compacted, and has piecewise smooth boundary with
well-defined normal vector a.e. Then

/| @W gy (19)
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See slide 18 why continuity of f' is necessary
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Some points:
1. Balance law is more general that the differential equation: @ ©
a. For balance law, the function fx should just be integrable S ‘?f/ £ 4

o
b. For DE, derivatives of fx should exist AND be continuous
L J 7. f dv < 00

So balance law always holds BUT DE only holds when spatial flux
is smooth enough (C1)

2. The power of a balance law is that it holds for all sets omega inside D -> This
enables us to use localization and prove that DE = 0.
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1D example: 1D elastostatics
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