
Any balance law can be written in the following format:

Any balance law can be written in this form:

Flux on boundary 1.
Source term inside the domain2.

This session:
Obtain partial differential equations from balance laws

Balance laws 

<=>

PDE1.
Jump conditions2.
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Jump conditions2.

Spatial flux (stress for balance of linear momentum in this case) can 
have a jump across an interface!
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Observations:

    does not appear at the interface through the traction vector

   can suffer jump at an interface
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In general, especially for dynamic problems these jump conditions are not trivial

Balance laws provide us a systematic way to obtain these jump conditions

We are not going to talk much more about the jump conditions from this point on. HW0 
(no need to return it) has some interesting examples of jump conditions.

-

In this course (talking about continuous / conventional FEM) we are mostly interested in PDEs 
rather than jump conditions.

How to we derive PDEs from balance laws
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Divergence theorem:
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In 1D we turn interior integral to boundary integral that results in 
two end point evaluation of the function

1.

Why this may be useful?a.

In 2D/ 3D many times we go through the other direction and turn 
boundary integral to interior integral 

2.

It may be easier to evaluate the surface integral by turning it to a i.
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It may be easier to evaluate the surface integral by turning it to a 
volume integral (no need to calculate normal vector, …)

i.

Sometime we need to make all integrals surface integrals or 
volume integrals

ii.

Reason ii is why we use divergence theorem for our balance law
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We use localization theorem to obtain the PDE

Localization theorem says that if the integral of a continuous 
function is zero for arbitrary domains inside D then the integrand 
must be zero.

-
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Formal overview of the material covered above (divergence theorem and localization 
theorem)

Q1: What if f,i does not exist at all points and is not continuous?
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Apply divergence theorem to a balance law

So now we have integral of a continuous function that is zero for arbitrary domain Omega.

Can we say the function itself (i.e. the integrand) is zero?
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Can we say the function itself (i.e. the integrand) is zero?

Yes, we use the Localization theorem.
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Next step:

Now that we have the PDE, we want to close the system (have equal 
number of equations to unknowns) and define boundary conditions

Example:
Elastostatics:
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Now we can close the system

Dynamic case-
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Dynamic case

-

   ME517 Page 17    


