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1.21. Elashe Membianes
9.7, Eledostatc Fields

Prerequisites.
e Derivatives in 1D and 2D, in particular the gradient, see [Lecture — § 0.1.2.18]
e Piecewise continuous functions [Lecture — Section 0.1.2.3]
e Integrationin 1D and 2D [Lecture — Section 0.1.2.5]

Dependency. Unit on [Lecture — Section 1.2.1] should be covered before.
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Note: Possible minor mismatch of video and tablet notes!

[Corrections and updates can be incorporated into tablet notes only]
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Electromagnetic field energy: (electrostatic setting with scalar potential 1)

Je(u) = 1 /Q (e(x) grad u(x)) - grad u(x) dx,, (1.2.2.6)

where € : Q — R33 is the dielectric tensor, €(x) is symmetric, with units [e] = $<.
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Configuration space for electrostatic field problems
As configuration space for scalar potentials we use the affine space
Vg := {u e Cl,,(Q0), u satisfies (1.2.2.4)} . (1.2.2.13)
A g, =
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Equilibrium condition for electrostatics
The physical field will attain minimal electromagnetic field energy
U, = argmin Jg(u) . (1.2.2.16)
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A -

Explain, why surfaces of conducting bodies are equipotential surfaces in electrostatics.

B

What are the physical units for the electric scalar potential 1, the electric field E, the dielectric tensor €,
and the electromagnetic field energy

Je(u) = %/Q(e(x) grad u(x)) -grad u(x)dx ? (1.2.2.6)

C

What is a suitable configuration space for describing electrostatics in the following configuration:

Q

< A metallic (conducting) body is located inside a
(grounded) metal box, but it is not connected to
any wire, which means that its scalar potential is
not known a priori.
This situation is often referred to as floating poten-
tial.
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