
PHYS 401 Fall 2016 3’rd homework assignment. Due Oct 11’th.

1. We have found the electric field due to a uniformly charged sphere of
radius R and density ρo in class. First check that ~∇× ~E = 0 everywhere.
Use that result to calculate ~∇ · ~E. Do you recover the charge density
function? Remember that for the point charge there was a trouble at the
origin where the electric field has a singularity; compare it to this situation
and explain.

2. Consider an infinitely long plane that carries a surface charge density σ.
Find the electric field everywhere using the integral form of the source
equation (the Gauss’ law). That is by picking suitable Gauss surfaces to

implement the flux integral. Check that ~∇× ~E = 0 everywhere.

3. Consider an infinitely long line that carries a linear charge density λ. Find
the electric field everywhere using the integral form of the source equation
(the Gauss’ law). That is by picking suitable Gauss surfaces to implement

the flux integral. Check that ~∇× ~E = 0 everywhere.

4. Assume we are given that the (discontinuous) electric field (for all times)
is given as follows

~E =

{
Eo ı̂ |x| ≤ a
0 |x| > a

Show that ~∇× ~E = 0 everywhere! Now try to guess which charge distri-
bution could give rise to this field without further calculation. Now use
the equation ~∇ · ~E = ρ/εo (which this time will require the derivative of a
step function discontinuity) to figure out ρ. Remember that the derivative
of

Θ(x) =

{
1 x ≥ 0
0 x < 0

will be the Dirac delta function δ(x) that we have studied in class.

5. Prove that ∫
d3~r F (~r) =

∫
d3~r F (~r′)

where F is a generic function of the co-ordinates with no special sym-
metry properties and ~r′ is obtained from ~r by a rotation that preserves
orientation.

6. Now consider the following integral∫
d3~r F (~r − ~R)

Show that as far as the integration variables are concerned, the positive z
direction always be chosen to point along ~R.

7. Consider the following charge distribution

ρ(~r) =

{
ρo r ≤ a
0 r > a
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and calculate the follwing integral

V (~r) =
1

4πεo

∫
d3~r

ρ(~r′)

|~r − ~r′|

8. Consider the following charge distributions

ρ1(~r) = q
(
δ3(~r − ak̂)− δ3(~r + ak̂)

)
ρ2(~r) = q

(
δ3(~r − ~A) + δ3(~r + ~A)− δ3(~r − ~B)− δ3(~r + ~B)

)
where ~A = a(̂ı+ ̂) and ~B = a(−ı̂+ ̂).

Now compute the following integral for each (which should be immediate
due to the discrete nature of the charge distributions)

V (~r) =
1

4πεo

∫
d3~r′

ρ(~r′)

|~r − ~r′|

and find the first non-vanishing term in an expansion where r >> a for
each.
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