
PHY 6346 Fall 2015

Homework #5, Due Monday, September 28

1. A 2d square space of side a with grounded edges contains in its interior a constant charge

density ρ = ρ0.

(a) What is the potential in the interior of the square?

(b) Where is the electric field the strongest? (You can assume it is a symmetry point, the

center of the square, the center of an edge, or a corner).

2. Many problems of interest are essentially two-dimensional, with charge distributions and

boundary conditions that depend only on, say, coordinates x and y or ρ and φ in the plane.

Analytic functions in the complex plane provide a wealth of solutions to Laplace’s equation,

explored here.

(a) Let F (z) = Φ + iΨ be an analytic function of the complex variable z = x+ iy with real

and imaginary parts Φ and Ψ. Show that if the derivative F ′(z) = dF/dz is well defined at

the point z, then Φ and Ψ obey the Cauchy-Riemann equations,
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Show that Φ and Ψ are both solutions to Laplace’s equation in two dimensions.

(b) Show that if Φ is the potential, then Ψ is constant along electric field lines.

(c) What electric field corresponds to the function F = �Kz? What electric field corresponds

to F = �K log(z)? Provide a physical interpretation of the constant K in each case.

3. Any analytic F (z) is the solution to an elecrostatic problem, it is just a matter of finding

what problem it is by looking at the boundary conditions it satisfies. It is asserted that a

conducting mesh fence running across a field can be described by F = iK (a2 + z2)1/2 for

x > 0, F = iK (a2 + z̄2)1/2 for x < 0 (K and a are real and positive, and the square root is

taken to be positive when x and y are small).

(a) What is the potential along the ground (y = 0)? What is the potential along the fence

(x = 0, y < a)? What is the potential above the fence (x = 0, y > a)?

(b) What is the electric field just above the ground (y near zero) and far from the fence

(x� a)? What is the meaning of the constant K? What is the electric field near the ground

and near the fence?

(c) What is the electric field above the ground and near the fence (0 < y < a, x near zero)?

Above the fence (y > a, x near zero)?

(d) What is the charge density along the fence?


