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2. 1. (’Präsenzübung’: divergence & curvilinear coordinates, 1+1 marks) Calculate the expression for the

divergence of a vector field ~∇ · ~A for arbritrary curvilinear, local orthogonal coordinates (q1, q2, q3)? Derive the
expression from the definition of the divergence as the limit of the integral of the flux through a surface of a
small volume:

~∇ · ~A = lim
∆V →0

1

∆V

∮

∂∆V

~A · d~S .

(introductory literature concerning curvilinear coordinates can be found on the homepage of Prof. M. G. Schmidt:
http://www.thphys.uni-heidelberg.de/˜ schmidt/MathMeth Sommer05/Skript.pdf)

2. 2. (rotation & curvilinear coordinates, 6 marks) In the ’Präsenzübung’ you have learned how to calculate the
expression for the divergence for arbritrary curvilinear, local orthogonal coordinates. Now derive the expression
for the rotation of a vector field from its definition

~n · (~∇× ~A) = lim
∆F→0

1

∆F

∮

∂∆F

~A · d~r

Note: The vector ~n is normalized and is orientated perpendiculary to the area ∆F . The line-element in general
local orthogonal coordinates is given by

d~r =
∑

k=1,2,3

hk~ekdqk .

The direction of the normalized base vectors is given by the derivative ∂~r
∂qk

.

2. 3. (charge-distribution, 2 marks) Calculate the charge distribution which is determined by the following po-
tential

φ(~r = (x, y, z)) = −λ ln(x2 + y2)

(λ is a constant.)

2. 4. (atomic model, 4 marks) Consider the potential (q is the charge, α is a constant which is related to the
(inverse) Bohr-radius):

φ(~r) =
q

r

(

1 +
αr

2

)

e−αr .

Calculate the charge distribution ρ(~r) and the total charge!

2. 5. (Electric field, 6 marks)

(a) (3 marks) In the lecture you have learned that the rotation of a static electric field is zero, ~∇× ~E = 0.
Use this relation in order to prove the following relation for the tangential components of the electric field
inside and outside of a charged surface:

E
‖
inside

= E
‖
outside

.

(b) (3 marks) Now use ~∇ · ~E = 4πσ in order to prove that the components of the electric field perpendicular
to the charged surface obey the following relation:

E⊥
outside − E⊥

inside = 4πσ .

(σ is the area charge density of the surface.)
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