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Instructions
You have 3 hours to complete the test. Clearly indicate your name and student number on every sheet
that you hand in.

You may use a hand-written formula sheet containing maximum 20 equations. This sheet must be
handed in together with your answers.

Before answering the questions, read all of them and start with the one you find easiest.
The amount of points to be obtained with each question is indicated next to the question number.

Problem 1 (15pts/100) Below you find eight statements. For each of them, indicate whether the
statement is ‘true’ (T) or ‘not true’ (NT). Also include a brief argument why you agree or not (minimum
1 & maximum 5 lines per statement). Read the statements carefully, each word may be important!

1.a When we double the charge q of each of two identical point charges that are placed some distance
apart, the electric field in-between them quadruples.

1.b In the vicinity of an infinitely long straight line that carries a homogeneous charge density 2, the
electric field strength E(s) decreases proportional to 1/s%, with s the perpendicular distance to the line;

1.c If at some location on an electric equipotential surface, n is the unit vector perpendicular to the
surface and E is the electric field at the same location, then E e n = 0.

1.d Consider an interface between a vacuum and a linear dielectric with relative permittivity g > 1,
without free surface charge. The electric field inside the dielectric then ‘breaks away’ from the normal
to the interface (i.e. Ogie1 = 0,ac, with 0 the angle between the field and the normal).

1.e Two long and straight current-carrying wires that cross each other (some distance apart) at an
angle of exactly 90° do not exert a Lorentz force on each other.

1.f In a static situation, the divergence of the curl of a magnetic vector potential A is always zero.

1.g A diamagnetic material that is placed near the end of a coil is attracted into the coil, while a
paramagnetic material is pushed away from the coil.

1.h A closed copper ring is placed on top of a short solenoid that carries no current. When the current
in the solenoid is switched on abruptly, the copper ring is repelled away from the solenoid.
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Problem 2 (20pts/100)  d

Consider a cap-shaped segment of a spherical
surface that can be described as:

T
427

A= _[ _[Rf sin(p ) 9dp , as in the figure.
00

This surface is homogeneously covered with a
surface charge density o .

2.a Calculate the E-field due to this cap at the center
of the sphere (i.e. in the point P).
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Now replace the cap by a flat circular disc with radius R, that intersects the vertical axis at the same
point as the spherical cap. Suppose that this disk is covered with the same surface charge density o .

2.b How big should the radius R; of this disc be to get the same electric field E in the point P?

If we choose the electric potential to be zero at infinity, V(o) = 0, the potential of a surface charge
distribution o(r’ ) can be written as
1 o(r'
Vir) = f ( )da’ .

4me, 7

2.c Use this expression to calculate the potential V.p(P) due to the charged cap from question 2.a and
Viisc(P) due to the disc with radius Rz from question 2.b (both calculated in the center point P).

2.d Which of the two potentials Veap(P) or Visc(P) is larger? Based on physical arguments, is this what
you would expect?

Problem 3 (15pt/100)

An empty parallel-plate capacitar is charged until the potential difference between the plates reaches
the value Viand then it is disconnected from the power supply. Next, a slab of dielectric material (with
a relative permittivity &) is inserted in-between the plates, in such a way that it fills the capacitor
completely. The plates have a surface area A and are separated by a distance d.

3.a Calculate the new value V; of the potential difference between the plates;

3.b Compare the electrostatic energy stored in the capacitor before and after the insertion of the
dielectric;

3.c Based on your answer to question 3.b, reason whether the electrostatic force pulls the dielectric
into a capacitor, or whether it tries to expel it.

Problem 4 (15pt/100)

Consider two infinitely long thin-walled conducting tubes with
radii R1 and Rs that are both centred on the z - axis.

The inner conductor carries a total current I in the positive
z - direction that is distributed uniformly over its circumference.
That same total current returns uniformly distributed over the
outer conductor. A thick shell of a material with a homogeneous
magnetic susceptibility m > 0 is placed tightly around the inner
conductor (inner radius Ri , outer radius Rz < R3).

4.a Calculate the magnetic field H everywhere in space (i.e. 0 < s <Ry; Ri < S <Ry R: < S <Rsand R; < 5). Give
both the strengt and the direction of H.

4.b Calculate all the surface- and volumetric bound currents Kg en Js. Make a sketch in which you clearly
indicate where they are located, how big they are and in which direction they flow. Also calculate the
net total bound current flowing in the z-direction.

4.c Calculate the magnetic induction B everywhere (again both the strength and the direction).
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Problem 5 (20pt/100)

5.a Consider a straight wire segment that carries a current /. Take the
current direction as the z-direction of a cylindrical coordinate system and
assume that the begin- and end-points of the segment to lie at z = z; and
Z = 7, respectively.

Show that the magnetic induction B in an arbitrary point P(s,z) at a
perpendicular distance s from z-axis can be written as:

B= ﬂ)i (sin@, — sinf,) ¢ ,
4mts

with &; and €; the angles defined in the figure and ‘@ the usual azimuthal unit vector.

5.b Use the general expression

[(1
A=t f—de'
dmts | =

to work out the magnetic vector potential A in the arbitrary point P(s,z).
5.c With your answers to questions 5.a and 5.b, verify the relation

B=VxA .

Problem 6 (15pt/100)

e

The figure to the right shows a homogeneous magnetic field X X X XX j X X XXX
in the z - direction (pointing ‘into the page’). X XXX X QXX X XX

X XX X X X X X XX X
Placed inside this field there is an electrically conducting X XIx ¥ X X ¥ % xIx x
wireframe that can rotate around one axis (x). One of the X XX X X X X X XIxex
sides of the frame (the bottom side parallel to y in the X X-!X X X X X X Xﬁl %
picture) can slide in the * x - direction along the adjoining w xIx % x T -
sides. = e B e

H X X X X X X X X X
The wireframe is rotated aroud the x - axis at a constant X X X X X X X X X X X

angular speed w. Describe what happens over at least one "
full rotation: explain what happens to the magnetic flux y
throught the frame; to the induced current in the frame; and with any Lorentz force that may occur.

Explain if (and how) the free arm of the wireframe would move. Consider the direction and
phase/timing of the movement (with respect to the phase of the rotation).
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