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Problem 1: The separation vector can be written as R = (x − x′)x̂ + (y − y′)ŷ + (z − z′)ẑ. If R = |R| is the
magnitude of the separation vector, calculate the gradient ∇R. (2.5 Marks)

Solution 1:
We have the magnitude of the separation vector given as

R =
√

(x− x′)2 + (y − y′)2 + (z − z′)2.

Therefore the gradient is

∇R =
[ ∂
∂x

x̂ +
∂

∂y
ŷ +

∂

∂z
ẑ
]√

(x− x′)2 + (y − y′)2 + (z − z′)2

=
(x− x′)x̂ + (y − y′)ŷ + (z − z′)ẑ√

(x− x′)2 + (y − y′)2 + (z − z′)2
=

R

R
.

Thus the gradient is a unit vector parallel to R.
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Problem 2: Consider a hemispherical bowl of radius R. A charge q is placed at a distance a from the center of the
bowl as shown in the figure. Calculate the total electric flux through the hemispherical surface. (2.5 Marks)

R

q

a
y

x

z

Solution 2: Let us consider the whole spherical bowl as shown in the figure. The electric flux due to the charge through
the entire spherical surface is equal to q/ε0. We see that the electric fluxes through the upper hemispherical surface
and the lower hemispherical surface are equal. Thus we have that the electric flux through the upper hemispherical
surface is q/2ε0.
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Problem 3: Two spheres, each of radius R and carrying charge densities +ρ and −ρ, respectively, are placed so
that they partially overlap. Call the vector from the positive center to the negative center d. Find the field at a point
A midway between the centers in the overlap region. (2.5 Marks)

d

R
+½ -½

A

Solution 3: The field inside a uniformly charged sphere of charge density ρ is given by E =
ρr

3ε0
r̂ =

ρ

3ε0
r. Let us take

r+ and r− to be the radius vectors to a point in the overlap region from the centers of the positively and negatively
charged sphere, respectively. The electric field in the overlap region is equal to the sum of the electric fields due to
the positively and negatively charged spheres. Thus the electric field Eoverlap at any point in the overlap region is

Eoverlap =
ρ

3ε0
r+ −

ρ

3ε0
r− =

ρ

3ε0
(r+ − r+) =

ρ

3ε0
d

d+ -

r
+ r

-
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Problem 4: Consider two concentric spherical shells, of inner and outer radii a and b, respectively. Suppose the
inner one carries a charge q, and the outer one a charge -q (both of them uniformly distributed over the surface).
Calculate the energy of this configuration. (2.5 Marks)

Solution 4: The electric field due to the two shells is given by E(r) =
1

4πε0

q

r2
r̂, for (a < r < b), and E(r) = 0,

otherwise. The energy of this configuration is:

W =
ε0
2

∫
E2dτ =

ε0
2

(
q

4πε0

)2 ∫ b

a

(
1

r2

)2

4πr2dr =
q2

8πε0

(
1

a
− 1

b

)
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