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Figure 33: An infinitely long conductor and a loop

Figure 34: The field inside a charging capacitor

9. Compare the energy density in a magnetic field and an an electrostatic
field. Maximum possible (in today’s technology) static fields strengths are
20T and 108V/m.

10. Consider an infinitely long straight wire carrying a current I = I0 cos(ωt),
and a square loop with sides a at a distance r from the wire (see figure 33,
left). Calculate the induced current in the loop.74

11. Same question as above, but now the current in the wire is constant at
a value I0, but the loop is rotating around the axis perpendicular to the
wire, at angular velocity ω [sec−1] (see figure 33, right).75.

18 The Maxwell Equations

18.1 Grasps

1. As the capacitor shown below is charged with a constant current I, at
point P there is a 76

(a) constant electric field

(b) changing electric field

(c) constant magnetic field

(d) changing magnetic field

(e) changing electric field and a magnetic field

(f) changing magnetic field and an electric field

(g) none of the above
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Figure 35: The field inside a charging capacitor

2. Which gives the largest average energy density at the distance specified
and thus, at least qualitatively, the best illumination

(a) a 50-W source at a distance R

(b) a 100-W source at a distance 2R

(c) a 200-W source at a distance 4R

3. For a charging capacitor, the total displacement current between the plates
is equal to the total conduction current I in the wires. The capacitors in
the diagram have circular plates of radius R. In (a), points A and B are
each a distance d > R away from the line through the centers of the plates;
in this case the magnetic field at A due to the conduction current is the
same as that at B due to the displacement current. In (b), points P and
Q are each a distance r < R away from the center line. Compared with
the magnetic field at P , that at Q is 77

(a) larger

(b) smaller

(c) the same

(d) need more information

4. Feynman describes in section 18-4 what happens if a sheet of charge is
suddenly moving. A similar situation arises when a current is suddenly
switched on in a wire. The current causes a magnetic field, and the front
of this field travels into space with a velocity v (figure 36).

(a) Make a drawing of the magnetic field vectors, a short time t after the
field has travelled away from the wire.

(b) Make a graph of the amplitude of the magnetic field as a function of
r at time t

(c) Make a drawing of the vectorfield ∂B/∂t.

(d) Make a drawing of the electric vector field

(e) Make a graph of the electric field as a function of r at time t

5. Try to solve the paradox in 17-4. Hint: the disc will rotate.
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Figure 36: The field surrounding a wire in which the current suddenly is switched
on travels at speed v away from the wire

18.2 Problems

1. Let’s dive into problem 18.1.4 and figure 36 again. The current increases
from 0 to i0=1 A at t=0.

(a) Calculate B, E everywhere at time t. Hint: follow Feynmans method
in 18-4, using Stokes law twice, adapting it for the wire.

(b) Calculate v in [m/s].

(c) Make a graph of the amplitude of the E and B field at distance r0=10
cm from the wire as a function of time (quantitative!).

34 Magnetism in materials

34.1 Review questions

34.2 Grasps

1. What are the boundary conditions for magnetostatic fields at an interface
between two different media78.

2. Explain why magnetic flux lines leave the surface of a ferromagnetic soft
medium (with µr = ∞) perpendicularly 79

3. Explain qualitatively the statement that H and B along the axis of a
cylindrical bar magnet are in opposite direction.80

34.3 Problems

1. A circular rod of magnetic material with permeability µ is inserted coax-
ially in the long solenoid of figure 37. The radius of the rod, a, is much


























































