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4.

If you managed to get through the previous problems quickly, here are a couple of more challenging

problems. . . If you get stuck, follow the derivations given in section 5.5 of the textbook.

5. (a) Find the electric field due to a uniformly charged ring of radius R at point P in the figure

below. The ring is in the x-y plane with its centre at the origin and point P is on the z-axis.

Assume that the total charge on the ring is Q.

(b) Confirm that the electric field that you calculated in (a) looks like that of a point charge when

z ≫ R.
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6. (a) Find the electric field due to a uniformly charged disk of radius R at point P in the figure

below. The disk is in the x-y plane with its centre at the origin and point P is on the z-axis.

Assume that the total charge on the disk is Q. Do this problem by adding up the electric fields due

to a series of rings that combine to form the disk.

Specifically, show that the electric field at P can be expressed as:

E =
σz

2ε0

∫ R

r′=0

r′ dr′(
z2 + (r′)2

)3/2
where σ is the charge density (i.e. charge per unit area) of the disk. The integral evaluates to:∫ R

r′=0

r′ dr′(
z2 + (r′)2

)3/2 =
1

z
− 1√

z2 +R2
.

Therefore, the electric field at P due to the charged disk is:

E =
σ

2ε0

[
1− z√

z2 +R2

]
.

(b) The electric field due to an infinite plane of uniform charge density σ can be obtained by taking

the limit R ≫ z. Show that, in this limit:

E ≈ σ

2ε0
.
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