
Homework 6

Problem 6.1: Square loop (based on Griffiths 2.4) Consider a square loop
with each side a length a carrying a uniform linear charge density λ.

a) Find the electric field at the center of the square.

b) Find the work needed to bring a charge in from infinity to the center of
the square. (You may start with the electrostatic potential due to a single
finite line of charge.)

Problem 6.2: Three charges (Griffiths 2.32) Three charges are situated at
the corners of a square (side s). Two have charge −q and are located on opposite
corners. The third has charge +q and is opposite an empty corner.

a) How much work does it take to bring in another charge, +q, from far away
and place it at the fourth corner?

b) How much work does it take to assemble the whole configuration of four
charges?

Problem 6.3: A thin spherical shell Consider a thin spherical shell with
radius R and total charge Q.

a) What is the surface charge density of the shell?

b) Find the electrostatic potential everywhere within the shell.

c) Compute the gradient of the electrostatic potential to find the electric field
within the shell.

d) Find the electrostatic potential everywhere outside the shell.

e) Compute the gradient of the electrostatic potential to find the electric field
outside the shell.

f) Comment on your results.

Problem 6.4: Classical Electron Radius Consider a solid sphere of charge
of uniform charge density, with total charge Q, and radius R. We will compute
the total energy required to create this charge distribution.

The process for computing this total energy will to build up the sphere by
bringing in charge from r =∞, keeping track of how much work we have done
as we go. We will bring in one infinitesimally thin spherical shell at a time.
You may use the property that the electrostatic potential due to a spherically
symmetric charge distribution outside that charge distribution is the same as if
it were a point charge.
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a) Begin by assuming we have already built the sphere up to a radius r with
the same charge density as our final sphere. How much work is needed to
bring a charge dQ to the surface of this sphere?

b) Express the charge dQ of a thin spherical shell with thickness dr (together
with the quantities given above: Q and R.

c) Integrate the quantity from part (a) from r = 0 to r = R to find the total
work needed to construct a solid sphere of charge with total charge Q and
radius R.

d) You have probably heard of Einstein’s famous formula

E = mc2 (1)

which relates the energy of a particle at rest to its mass and the speed of
light. Use this relation together with the energy of a sphere of charge that
you just computed to find what the radius of an electron must be, if its
mass arises purely from the electrostatic energy needed to put it together.
This is closely related to the so-called classical electron radius (which is
not related to the actual size of an electron), which is obtained by ignoring
any dimensionless factors of order one in your answer.

Please provide an actual numerical answer.
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