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Aufgabe 1:

The normal derivative of the electric field at the surface of a curved charged
conductor 3 Punkte

Use Gauk’ theorem to prove that at the surface of a curved charged conductor, the normal
derivative of the normal component of the electric field is given by
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where Ry, Ry are the principal radii of curvature at the point of interest at the surface.

Hint: Consider a surface element do = R;df, Radfy = Ry R»dS2, as well as another surface
element, where the boundaries are shifted by an amount € along the normal vectors. Apply
Gauk’ theorem to the volume between these surfaces. It may be helpful to consider the
simplified case a cylinder first, e.g. by setting one of the two R; to be infinity such that the
surface of the conductor looks like locally the surface of a cylinder. Is the surface given as a
height function on the two-dimensional plane, the inverse of the radii of principal curvature
are given by the eigenvalues of the Hessian of the height function. A sketch of the two surface
elements may also be helpful.

Aufgabe 2:
The transformation of delta function 2 Punkte

(a)Let §(x — x’) be the 3-dimensional delta function in the orthogonal coordinate system
{zyz}. Consider a general orthogonal coordinate system specified by the surfaces u =
constant, v = constant, w = constant with length elements du/U, dv/V, dw/W in the
three perpendicular directions (i.e. it is generated through a rotation and rescaling of the
individual axes). Show that

d(x—x")=0(u—u)o(v—2")o(w—w") - UVW.

(b)Given that the 3-dimensional delta function d(x) can be taken as the improper limit as
a — 0 of the Gaussian function

‘ 1
D(o;z,y,2) = (21)*2a 3 exp “5a2 ($2 +y°+ 22) ;

prove the result of (a) by taking direct calculations of this function.



Aufgabe 3:
delta function

Do the integrals below:
(a)./ 225(2? — 3z + 2)du;
0

(b). /000 Inzd'(x — 2)dx;
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Hint: For a function f(x) with roots z; all simple, we have
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Aufgabe 4:
The flux of the vector field

2 Punkte

3 Punkte

Consider the field V(x) = ¢ e,, where ¢ is constant and e, = (cos ¢, sin ¢, 0). (cf. Sheet 2,

Problem 3)

(a) For a cylinder of length [ and radius R that is symmetric around the z axis, calculate

the flux of V through its surface, i.e.

F = / da - V(x).
d cylinder

(b) Calculate V - V(x) including the singular part by use of Gauk’ law.

(c) An infinitely long straight wire (at z = 0) bears the charge x per unit length. Find
the electric field using (i) the result from part (b) and (ii) the general formula valid for a

3-dimensional distribution.

Hint: You may need the formula:
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