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Aufgabe 1:

Geodesics on a cylinder and on a sphere 2.5 Punkte

1. What is the curve of minimal distance that conects two points (z1,2, ϕ1,2) on the surface of a
cylinder of radius R? What is its length?

2. What is the curve of minimal distance between two points A and B on a sphere? Hint: You
may use the symmetry to place A without loss of generality at the pole, i.e. the polar angle ϑ = 0.
Show that the Euler-Lagrange equation implies that the derivative of the azimuthal angle ϕ with
respect to θ vanishes.

Aufgabe 2:

Catenary 2.5 Punkte

Under the in�uence of gravity, high voltage power lines adopt a shape which minimizes the height
of their center of mass. Assuming a constant linear mass density, calculate such a shape for a power
line segment of length l, hanging between two posts of equal height separated by the distance
∆x. [Hint: One can use a �rst integral of the Lagrange equations].



Aufgabe 3:

Minimization of a rotational surface 2.5 Punkte

Consider two points on the xy-plane (x1, y1) and (x2, y2) connected by a cartesian curve y(x).
Find the function y(x) that minimizes the surface J{y(x)} obtained by rotating the latter around
the y-axis.

Aufgabe 4:

A special case: no explicit coordinate-dependence 2.5 Punkte

Given the functional:

J{y(x)} =

∫ x2

x1

f(x, y, y′)

1. What equation should the function y(x) that extremizes it obey?

2. Consider the case in which f does not depend explicitly on the coordinate x, i.e. f = f(y, y′).
Prove the following relation:

g(y, y′) = f − y′ ∂f
∂y′

= const

(These points are a repetition of what has been discussed in the lectures.)

Bearing in mind the relation proved in the previous point, consider a system in which an unstret-
chable rope of length l is laying on the xy-plane, and its extrema are �xed in P1 = (−d, 0) and
P2 = (d, 0). What functional shape of the rope maximizes the area F between the x-axis and the
rope itself?

Hint: This is a variational problem that is constrained by the fact that the length of the rope
cannot change. It is useful then to use a Lagrange multiplier and impose:

δ(F − λl) = 0


