
PHYS 301 Tutorial #8 – group problem solving

Copies of the inside front and back covers of the Griffiths text are provided on the last

page.

1. In the last tutorial, we found that the magnitude of magnetic field due to a uniform sheet of

current K is given by:

B =
1

2
µ0K (1)

This time, consider a pair of parallel current sheets. Both sheets are parallel to the xy-plane. One

is located at z = a and carries a uniform sheet current K+ = +K x̂ and the other is at z = −a with

current K− = −K x̂.

(a) Determine the magnitudes and directions of the magnetic fields in the regions: z > a, −a <

z < a, and z < −a. Make use of Eq. (1).

(b) Given that B = ∇×A, determine the vector potential in the regions: z > a, −a < z < a, and

z < −a. Make use of your results from (a). Ensure that your vector potentials are continuous at

z = ±a.

(c) Check the other boundary condition on A:

∂Aabove

∂n
− ∂Abelow

∂n
= −µ0K

at z = ±a.

2. Find the magnetic vector potential of a finite segment of straight wire carrying current I. Put

the wire on the z-axis with its ends at positions z1 and z2.
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3. In Example 5.11 of Section 5.4 of the 5th Ed of the Griffiths text, the vector potential inside

and outside a spinning spherical shell of radius R and surface charge density σ is calculated. It is

an interesting example, and you should read and understand this problem. The results are:

Ain(r, θ, ϕ) =
µ0Rωσ

3
r sin θ ϕ̂

Aout(r, θ, ϕ) =
µ0R

4ωσ

3

sin θ

r2
ϕ̂,

where ω is the angular rotation speed.

(a) Use these results to show that the magnetic field inside the sphere (r < R) is constant.

(b) Next, imagine a uniformly-charged solid sphere of charge density ρ, radius R and angular velocity

ω. It can be constructed by adding up a bunch of spherical shells of successively larger radii. Show

that a spherical shell of radius r′ and thickness dr′ inside the solid sphere would have an effective

surface charge density σ = ρ dr′. Furthermore, show that the vector potential due to this spherical

shell can be expressed as:

dAin =
µ0r

′ωρ dr′

3
r sin θ ϕ̂

dAout =
µ0(r

′)4ωρ dr′

3

sin θ

r2
ϕ̂.

(c) Show that the vector potential inside the solid sphere can be calculated by evaluating the

following integral:

Asphere =

∫ r

0

dAin +

∫ R

r

dAout.

Evaluate the integral to find:

Ain =
µ0ωρ

6
r

(
R2 − 3

5
r2
)
sin θ ϕ̂.
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(d) Use Ain from (c) to find the magnetic field inside the solid rotating sphere. One convenient

form of the solution is:

Bin =
µ0ωρ

3

[(
R2 − 3

5
r2
)

ẑ − 3

5
r2 sin θ, θ̂

]
. (2)

This form of the solution is a little unusual because it mixes unit vectors from spherical and Cartesian

coordinates. However, it is convenient because it shows that there is a strong component of the

magnetic field in the z-direction (as we ought to expect) and a second component that is largest

when θ = π/2.

(e) Finally, use Eq. (2) to find the magnetic field at the centre of the rotation sphere.
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