
PHYS 301 Tutorial #3 – group problem solving

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

page.

1. The analogue of integration by parts for the divergence is:∫
V
f (∇ ·A) dτ =

∮
S
fA · da−

∫
V
A · (∇f) dτ.

This has the usual integration by parts format in which the derivative is transferred from the A

to f and the product fA has to be evaluated at the boundaries of the region of integration. In

this case, the original integral is over a volume V and the boundary is the surrounding surface S.
Compare to: ∫ b

a

f

(
dg

dx

)
dx = uv|ba −

∫ b

a

g

(
df

dx

)
dx.

(a) Use integration by parts to evaluate:

I =

∫
V

(
r4 − 1

)
∇ ·

(
r̂

r2

)
dτ.

For the integration volume, use a sphere of radius R centred at the origin.

(b) Derive the following integration by parts rule for the curl:∫
S
f (∇×A) · da =

∮
P
fA · dℓ+

∫
S
(A×∇f) · da.

For this derivation, start by using the appropriate product rule for the ∇ operator and then apply

Stoke’s theorem.
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2(a) Starting from: ∫ b

−a

f(x)x
dδ(x)

dx
dx,

use integration by parts of show that:

x
dδ(x)

dx
= −δ(x),

where δ(x) is the one-dimensional Dirac Delta function. Assume that a and b are positive constants

such that the point x = 0 lies between the integration limits.

(b) Let θ(x) be the Heaviside step function defined by:

θ(x) =

1 if x > 0,

0 if x <= 0.

Starting with:

J =

∫ ∞

−∞
f(x)

dθ(x)

dx
dx,

show that δ(x) =
dθ

dx
which is one way to define the one-dimensional Dirac Delta function. You’ll

have to integrate by parts and then use the fundamental theorem of calculus.

3. Find the electric field a distance z above the centre of a square loop of side length a. Assume

that the loop of wire has a uniform linear charge density λ. You may use the fact that the electric

field a distance z above the midpoint of a uniformly charge wire of length a is given by:

E =
1

4πε0

λa

z

√
z2 +

(a
2

)2
ẑ,

(see Griffiths Example 2.2). Does your result make sense in the limit z → ∞?
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4(a) Find the electric field a distance z above the centre of a uniformly-charged circular loop. The

loop has radius r and linear charge density λ. Does your result make sense in the limit z → ∞?

(b) Starting from the result of (a), find the electric field a distance z above the centre of a flat,

uniformly-charged circular disk of radius R. The charge per unit area of the disk is σ. Does your

result make sense in the limit z → ∞?

5. A charge q sits at the back corner of a cube, as shown in the figure. What is the electric flux ΦE

through the shaded side?
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6. Use Gauss’s law to find the electric field inside and outside a thin spherical shell of radius R that

carries a uniform charge per unit area σ.

7. A thick spherical shell carries a charge density:

ρ(r) =
k

r2
,

for a < r < b, where a is the inner radius of the shell and b is its outer radius.

(a) Find the electric field in the following regions of space:

(i) r < a

(ii) a < r < b

(iii) r > b.

(b) Plot the magnitude of E as a function of r for the case of b = 2a.
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