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1. In class, we have seen that the magnetic energy stored in a coil carrying
current I is given by U = 1

2LI
2 where the self-inductance L is defined by

L =
µ0
4π

∮
C

∮
C

dx · dx′

|x− x′|
.

(a) Show that

U =
1

2

∮
C
A · Idx′ .

(b) Replacing Idx′ by JdV ′, we obtain

U =
1

2

∮
C
A · J dV ′ .

Using Maxwell’s equation to replace J by B, show that

U =

∫
dV

B ·B
2µ0

.

Thus the magnetic energy density is given by B2/(2µ0) – a formula
of more general validity and similar to the one derived for the elec-
trostatics energy density.

2. A small circular loop of wire (of radius a) lies at a distance z above the
centre of a larger circular loop (of radius b � a). The planes of the
loop are parallel to each other and perpendicular to the common axis of
symmetry (see figure).
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(a) Suppose a current I flows in the larger loop. Determine the magnetic
flux through the smaller loop. (Assume that the field across the
smaller loop is uniform.)

(b) Suppose a current I flows in the small loop. Determine the mag-
netic flux through the big loop. (Assume the small loop as a point
magnetic dipole.)

(c) Find the mutual inductance.



3. An ideal parallel plate capacitor of capacitance C has circular plates lo-
cated at z = 0 and z = d respectively. The axis of symmetry of the
capacitor is the z-axis. The medium between the plates is a LIH dielec-
tric with dielectric constant κ = ε/ε0 and permeability µ0. A voltage
V = V0 sinωt is applied across the plates of the capacitor. The frequency
is assumed to small enough for the quasi-static limit to be applicable.

(a) What is the electric displacement, D(r, t), inside the capacitor?

(b) Assuming that H(r, t) = H(%, t) êϕ, use Ampère’s law to determine
the induced auxiliary field due to the displacement current.

(c) Obtain the expression for
∣∣∣∂B(%,t)

∂%

∣∣∣ at % = 0 and t = 0.

(d) Given that κ = 1.05, d = 1.2cm, V0 = 480V and the angular fre-
quency ω = 7850rad/s, obtain an order of magnitude estimate for∣∣∣∂B(%,t)

∂%

∣∣∣ at % = 0 and t = 0. Express your answer in µG/cm, where

1G = 10−4T. These are real values taken from the reference given
below.

Reference: D. F. Bartlett and T. R. Corle, “Measuring Maxwell’s Dis-
placement Current Inside a Capacitor”, Phys. Rev. Lett. 55 (1985) 59.
(available for download from the moodle page for the course)

4. Two observers A and B are such that Observer B (who uses coordinates
x′) is moving with uniform velocity −v with respect to observer A (who
uses coordinates x). Let the coordinate systems be related by a Galilean
boost x′ = x + vt and t′ = t.

(a) Let ρ(x) be a static charge distribution leading to an electrostatic
field E(x) to observer A. Further there is no magnetic field seen by
observer A. Observer B will see a current density as the static charge
distribution will be moving with velocity v. Using the Biot-Savart
law how that

B′(x′) = v ×E(x′) +O(v2) ,

where we have replaced x by x′ in the right hand side of the equation
as the error is O(v2).

(b) Now consider a situation where observer A sees a static magnetic
field B(x) but no electric field. Show that observer B must see an
electric field

E′(x′) = −v ×B(x′) +O(v2) ,

so that a charged particle at rest in frame A feels no force. In the
above equation, where we have replaced x by x′ in the right hand
side of the equation as the error is O(v2).

5. Show that Maxwell’s equations in a LIH medium with B = µ H and
D = ε E admits wavelike solutions with speed 1/

√
µε.


