
PHYS 301 Tutorial #5 – group problem solving

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

page.

1. In class, we used:

W =
1

2

∫
σV da

to show that the energy of a uniformly-charged spherical shell is equal to:

W =
1

8πε0

q2

R
.

Repeat this calculation starting from:

W =
ε0
2

∫
all

space

E2 dτ.

Of course, you should get the same result.

2. Consider an infinite chain of point charges, ±q (with alternating signs), strung out along the

x-axis, each a distance a from its nearest neighbour.

Show that the work per particle required to assemble this system is given by:

W = − α

4πε0

q2

a

where α is a dimensionless constant known as the Madelung constant. Determine the numerical

value of α.
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3. A metal sphere of radius R, carrying charge q, is surrounded by a thick concentric metal shell

(inner radius a, outer radius b). The shell carries no net charge.

(a) Find the surface charge density σ at r = R, r = a, and r = b.

(b) Find the potential at the centre, using infinity a the reference point.

(c) Now the outer surface is touched to a grounding wire, which drains off the charge and lowers

its potential to zero. How do the answers to (a) and (b) change?

4. Two large metal plates (each of area A) are held a small distance d apart. Suppose we put a

charge Q on each plate; what is the electrostatic pressure on the plates?

5. Assume that the electric field in some region is given (in spherical coordinates) by the expression:

E(r) =
k

r

[
3 r̂ + 2 sin θ cos θ sinϕ θ̂ + sin θ cosϕ ϕ̂

]
,

where k is a constant. What is the corresponding charge density ρ(r)?

2



 

 
  

Griffiths front cover 



 

 

Griffiths back cover 


