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Tekst nr. 495 består af tre dele:
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disse.
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ger. I denne tekstserie (495 a–c) er disse opgaver fordelt i de relevante tekster. Ønsker man at studere de
originale, samlede eksamenssæt, henvises til tekst nr. 429/2004.

En del af eksamenssættene findes på engelsk, dels fra eksamener, som blev givet på engelsk, og dels fra
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Roskilde Universitet

Electrodynamics

Friday 18 January 2013. 10.00-14.00

PERSONAL HELP MATERIALS ALLOWED, INCLUDING SYMBOLIC CALCULATORS. NO
COMMUNICATION WITH OTHERS.

The exam set consists of 2 pages. Questions 1 and 2 are independent of each other and can be
answered in any order. All sub-questions have equal weight.

Question 1

ω1

z

1R

An infinitely long cylindrical shell with a negligible wall thickness has radius R1 and a fixed homo-
geneous surface charge density σ1. It is rotating with constant angular velocity ~ω1 = ω1ẑ about the
z-axis as shown (counterclockwise when looking from above).

1. Find the electric field inside and outside the shell.

2. Find the magnetic field inside and outside the shell.

A second thin-walled cylindrical shell is now added concentric with the first. It has a larger radius
R2 > R1, a fixed homogeneous surface charge density σ2, and rotates with the constant angular
velocity ~ω2 = ω2ẑ.

3. Determine the values of σ2 and ω2 such that both the electric and the magnetic fields are
non-zero in the space R1 < s < R2 between the cylinder shells and zero everywhere else (here
s is the radial cylindrical coordinate). (Hint: think carefully about the sign of each)

4. Find the electromagnetic energy density in the resulting configuration of two spinning shells
in terms of σ1, R1 and ω1, and calculate the total field energy per unit length.

5. Find the Poynting vector and the total field angular momentum per unit length Lem,z about
the z-axis, (also in terms of σ1, R1 and ω1). Comment on how its sign depends on the signs
of σ1 and ω1; how does the direction of Lem,z compare with that of the mechanical angular
momentum of the charges?

1
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Question 2

0
−V /2

V /2
0

A capacitor consists of two conducting hemispherical shells with a negligible wall-thickness glued
together to make a spherical shell. The glue is an insulating material and there is therefore no
electrical contact between the two halves; for this problem ignore the thickness of the glue (treat it
as infinitely thin). The radius of the resulting sphere is R and the glue layer lies in the xy plane.
Let the capacitor be connected to a battery such that the upper hemisphere (z > 0) is at potential
V0/2 and the lower one (z < 0) is at potential −V0/2.

1. What equation does the potential satisfy inside and outside the spherical shell and what
boundary conditions apply?

The potential inside the capacitor is a sum involving odd (i.e. l = 2m + 1 where m = 0, 1, . . .)
Legendre polynomials:

Vinside(r, θ) =

∞∑

m=0

(4m+ 3)V0I2m+1

2R2m+1
r2m+1P2m+1(cos θ) (1)

where Il ≡
∫ 1

0
Pl(x)dx =

∫ π/2

0
Pl(cos θ) sin θdθ is the integral of the lth Legendre polynomial over

half of its range. Some values are I1 = 1/2, I3 = −1/8, I5 = 1/16, . . . .

2. Find the potential outside the capacitor as an infinite sum.

3. Find the charge density, σ(θ), as an infinite sum.

4. Find the electric field at large distances from the capacitor by identifying the appropriate
term in the result for Question 2.2.

5. Use the charge density found in Question 2.3 to calculate the electric dipole moment (hint:
Use z = R cos θ = RP1(cos θ)). Check that the result is consistent with what you found in
Question 2.4.

2
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Roskilde Universitet

Electrodynamics

Thursday 28 February 2013. 10.00-14.00

PERSONAL HELP MATERIALS ALLOWED, INCLUDING SYMBOLIC CALCULATORS. NO
COMMUNICATION WITH OTHERS.

The exam set consists of 2 pages. Questions 1, 2 and 3 are independent of each other and can be
answered in any order. All sub-questions have equal weight.

Question 1
A surface charge density σ(θ) = σ0 cos

2 θ, where θ is the usual spherical polar angle, is glued onto
the surface of a non-conducting spherical shell with radius R1 and negligible thickness.

1. Show that σ(θ) can be expressed as a linear combination of the Legendre polynomials P0(cos θ)
and P2(cos θ). What is the total charge on the sphere?

2. What boundary conditions must be applied to ensure a unique solution to Laplace’s equation
for the electrostatic potential V (~r) both inside and outside the shell?

3. Assuming that only terms involving the Legendre polynomials P0 and P2 appear in the solu-
tion, determine V (~r) for points outside the sphere r > R1.

A conducting spherical shell with inner radius R2 and outer radius R3 (where R1 < R2 < R3) is
placed concentric with the original sphere.

4. What surface charge density σ3(θ) is induced on the outer surface of the conductor, at r = R3?
What is the potential at points outside the conducting shell r > R3?

Question 2
A uniform, time-dependent magnetic field exists in a region of space, given by

~B(t) = B0 cos(ωt)ẑ (1)

You have a fixed length L of wire, which is to be coiled in the way that maximizes the induced emf,
using circular loops/turns. You may assume the region of uniform field is large enough to enclose
the whole coil no matter what the details of the coiling are.

1. Should there be one large loop or many small loops? Which way should they be oriented?
Justify your answers.

2. For the optimal configuration, calculate the induced current (specify the direction) as a func-
tion of time, assuming the wire has resistance R and that self-inductance may be neglected.
You may also assume that multiple loops can be coiled tightly enough that a negligible amount
of wire is needed to close the coil (i.e., to connect the last turn back to the first).

1
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Question 3
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(R + R )/2

A capacitor consists of concentric cylindrical conducting sheets of inner and outer radii R1 and R2

respectively with common length L; the common axis of the cylinders lies along the z-axis, between
z = 0 and z = L. Assume L is much greater than R2, and that therefore you can ignore end-
effects (i.e. for symmetry considerations you can pretend it’s infinitely long). Dielectric material of
permittivity ǫ is used to partly fill the capacitor in four different ways, as shown in the figure (top
view for parts 1-3, side view for part 4; shading indicates dielectric material).

1. The material occupies the inside of the inner conductor (ie points s < R1). Calculate the
capacitance and indicate on a sketch the location of all free and bound charge.

2. The material occupies the space between the inner and outer conductors (R1 < s < R2).
Calculate the capacitance and indicate on a sketch the location of all free and bound charge.

3. The material occupies the part of the space between the inner and outer conductors, going
from the inner conductor to a radius half-way between them (R1 < s < (R1+R2)/2). Calculate
the capacitance and indicate on a sketch the location of all free and bound charge.

4. The material occupies the space between the inner and outer conductors (R1 < s < R2) but
in the bottom half only (0 < z < L/2). Calculate the capacitance and indicate on a sketch
the location of all free and bound charge.
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Roskilde Universitet

Elektrodynamik

Fredag d. 17. januar 2014. 10.00-14.00

Alle almindelige hjælpemidler, samt lommeregner med symbolsk manipulation, er tilladt.
Kommunikation med andre i eller uden for lokalet er ikke tilladt.

Opgavesættet består af to sider og to uafhængige opgaver. Hvert underspørgsmål har den samme
vægt i bedømmelsen.

Spørgsmål 1
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z

d

x(  ud af papiret)

En plade med uendelig udstrækning i xy-planen og uniform tykkelse d samt rumladning ρ ligger i
området mellem z = −d/2 og z = d/2.

1.1. Bestem det elektriske felt og skitsér det som funktion af z. Hvordan er resultatet relateret til
feltet fra en uendelig plan med en overfladsladningstæthed σ?

1.2. Bestem det elektriske potentiale og skitsér det som funktion af z. Angiv hvor potentialets
nulpunkt ligger.

Antag nu at hele pladen har en konstant og uniform hastighed v i den positive x-retning (ud fra
papiret i figuren ovenfor). Udover det elektriske felt er der nu et magnetfelt.

1.3. Bestem strømtætheden ~J alle steder og beregn ∇ · ~J .

1.4. Bestem magnetfeltet og skitsér det som funktion af z. Hvordan er resultatet relateret til feltet
fra en uendelig plan med en overfladsstrømtæthed ~K?

1.5. Find den elektromagnetiske energitæthed. Ved hvilken værdi af v bliver den magnetiske
energitæthed lige med den elektriske energitæthed?

1

Januar 2014: Elektrodynamik (Dansk) 115



Spørgsmål 2
En spole med radius R og n viklinger per længdeenhed ligger parallelt med z-aksen. Den er så lang at
randeffekter kan negligeres. Den tidsafhængig strøm I(t) gennem spolen er nul for t < 0, den vokser
lineært som I(t) = kt for 0 < t < T , og endelig antager den konstante værdi I(t) = kT for t > T .
Her er k en rate med enheder A/s. Vi antager at k er lille nok at den kvasistatiske approximation
gælder og vi kan bruge de sædvænlige metoder fra magnetostatik, så fx er magnetfeltet givet ved
~B(t) = µ0nktẑ (for 0 < t < T ) indenfor spolen og nul udenfor.

2.1. Vi betragter en del af spolen med længde L. Bestem den totale elektromagnetiske energi i
denne del for tidspunkter t > T .

2.2. Bestem det inducerede elektriske felt indenfor spolen for tidspunkter t med 0 < t < T .

2.3. Bestem Poynting-vektoren ~S for steder indenfor spolen for 0 < t < T .

2.4. Bestem raten ved hvilken elektromagnetisk energi strømmer gennem overfladen af den cylin-
driske volumen med længde L som blev nævnt i 2.1. for 0 < t < T .

2.5. Vis, at resultatet fra 2.1 er konsistent med resultatet fra 2.4.

2
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Answers may be written in Danish or English.

The exam consists of three pages with three independent problems. All ten sub-questions have
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Question 1: Toroidal coil
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A toroidal coil (or “toroidal solenoid”) is made by winding N turns of wire around a torus with
rectangular cross section, as shown in the figure (note that the main figure shows one half of the
torus). The inner and outer radii are R1 and R2, respectively, while the height is h.

1. Determine the magnetic field B at all points in space when a current I flows through the wire
in the direction indicated by the four arrows. Use cylindrical coordinates such that the torus
is parallel to and bisected by the xy-plane, so that the z-axis is at the center of the torus and
the top and bottom of the torus are at z = ±h/2 respectively.

2. Consider the four closed loops of wire marked L1, L2, L3 and L4 in the figure, which all lie in
the same plane which bisects the torus vertically. Suppose the current in the toroidal coil is
switched off. In which loops will a current flow (for a brief moment) and in which direction?
Assuming all loops have the same total resistance (even though they have different lengths),
and negligible self-inductance, in which one will the largest current flow?

3. What happens in the limit as R1, R2 → ∞, keeping the difference R2 − R1, and h, constant,
while letting the number of turns N grow such that the ratio N/R1 is constant? Your answer
should describe physically what this limit represents, show what happens to the result of part
(1), and explain that it is consistent with your physical interpretation.

4. Keeping the size of the torus fixed again, suppose the torus is made out of thin sheets of
conductor and imagine replacing the current I through the N turns of wire with a surface
current K flowing along the parts of the torus (inner/outer vertical walls and upper/lower
horizontal ring-faces), such that the magnetic field is the same as when using wires. Give
expressions for K (a vector!) on each section.
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Question 2: Thunderstorm dipole
A (very) crude model of a thunderstorm consists of a physical dipole above an infinite grounded
conducting plane, with a negative charge −Q at height z0 and positive charge Q at height z0 + d
(the plane represents Earth, neglecting its curvature). A typical size of Q might be 50 C, while we
could suppose zo is of order 6 km and d is of order 3 km.

1. Sketch the system, including appropriate image charge(s), and calculate the force on the whole
thunderstorm from the Earth. Is it attractive or repulsive?

2. Calculate the electrostatic energy of this configuration and the total charge induced on the
plane by the presence of the thunderstorm.

3. Still neglecting the earth’s curvature, for very large distances above the ground (i.e. z > 0),
the potential is well approximated by the lowest non-vanishing multipole moment (of the
image system). Which multipole is that, and how does the potential depend on r and θ in
this approximation? (you do not need to calculate the prefactor/coefficient). What does “very
large distances” mean here?

4. We have seen that the problem of a point charge q outside a grounded conducting sphere, say
at distance a from the center of the sphere, may be solved using an image charge −qR/a just
inside the radius of the sphere, at distance R2/a. Here R is the sphere’s radius. If we wanted
to take into account the earth’s curvature for our model thunderstorm, what system of image
charges could be used? Sketch the image problem. What is the net charge on the conducting
surface in this case? (The radius of the earth is 6400 km).

GO TO PAGE 3 FOR NEXT QUESTION
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Question 3: Electromagnetic waves
1. Which, if any, of these two sets of formulas, (a) and (b), for the electric and magnetic field

represent valid solutions to Maxwell’s equations in free space? Justify your answer in each
case (this doesn’t necessarily need to be a detailed calculation).

(a):

E(r, t) = E0 cos
(ω
c
(y − ct)

)
ŷ (1)

B(r, t) =
E0

c
cos

(ω
c
(y − ct)

)
ẑ (2)

(b):

E(r, t) = E0 cos
(ω
c
(x− ct)

)
(ŷ + ẑ)/

√
2 (3)

B(r, t) =
E0

c
cos

(ω
c
(x− ct)

)
(ẑ− ŷ)/

√
2 (4)

2. Consider the following solution of Maxwell’s equations for the electric field, consisting of the
sum of two plane waves, one with frequency ω and the other with frequency 2ω, with different
directions of propagation and different polarizations:

E(r, t) = E1 cos
(ω
c
(y − ct)

)
x̂ + E2 sin

(
2ω

c
(x+ ct)

)
ŷ (5)

What is the corresponding magnetic field associated with this wave solution? Calculate the
Poynting vector S and the intensity. Are they equal to the sums of the corresponding quantities
for the individual plane waves? The identity sin(A) cos(B) = 1

2
(sin(A+B)+sin(A−B)) may

be useful.
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All the usual help materials (textbook plus own notes), including calculators with computer
algebra capability, are permitted. No communication within or in/out of the room permitted.

Answers may be written in Danish or English.

The exam consists of two pages with two independent problems. All ten sub-questions have equal
weight in evaluation.

Question 1: Cylindrical capacitor

A capacitor is made of two electrodes consisting
of concentric cylindrical metallic sheets with in-
ner and outer radii a and b respectively (see fig-
ure to the right). The length of the capacitor
is L, assumed large enough compared to its ra-
dius that end-effects may be neglected, and we
use cylindrical coordinates s, φ, z where the capac-
itor’s central axis coincides with the z-axis. We
will consider the empty capacitor and the capac-
itor with the space between the metallic sheets
(i.e. a < s < b) partly or completely filled with
dielectric material of dielectric constant ǫr > 1.

L

z

x

y

a

b

1. Assuming a free charge Q on the inner electrode (and thus −Q on the outer one), calculate
the potential difference V and then the capacitance C of the empty capacitor.

2. In a certain limit the cylindrical capacitor should be equivalent to a parallel-plate capacitor.
Explain what the limit is and check that the result for part (1) is consistent with this limit
(the approximation ln(1 + x) ≃ x for small x may be useful).

3. Assume now that the dielectric fills all the space between the electrodes, a < s < b. Compared
to the empty case with the same free charge Q on the inner electrode, state whether each of
the following is unchanged, increased or decreased (in magnitude): (i) displacement D, (ii)
electric field E, (iii) polarization P, (iv) potential difference V , (v) capacitance C. Finally,
(vi) give an expression for C.

4. Suppose the dielectric fills the inner part of the space between the electrodes, out to a radius
rm, i.e. a < s < rm, while the space outside rm, i.e. rm < s < b, is vacuum. Calculate the
capacitance and check that the limits rm → a and rm → b make sense.

5. Now suppose dielectric fills the lower half, i.e. a < s < b and 0 < z < L/2, while the upper
half is vacuum. This situation can be solved quickly by considering it as a combination of two
simpler capacitors. Explain why this is, including what the two simpler capacitors are and
how they are connected. Calculate the capacitance of the whole capacitor.

1
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Question 2: Displacement current

Two conducting spheres of radius R are located
at z = ±d where d ≫ R. Long straight wires,
with thickness much smaller than R, extend away
from the spheres upwards and downwards respec-
tively along the z-axis and at some large distance
eventually are connected to a source of current
located well away from the spheres (see figure).
Starting at time t = 0 a constant current I flows
in the wires, such that the charge on the upper
sphere grows as It while the lower sphere gains a
negative charge −It. Assume the charge changes
slowly enough for the quasi-static approximation
to be valid.

R

d

d

I

I

x

z

1. Make a sketch of the system including the electric field lines in the space between the spheres
and magnetic field lines around the straight wires, at some time t > 0.

2. What is the magnetic field around the straight wires? (Consider locations close to the wires
and far from the spheres.)

3. Calculate the approximate electric field in the xy-plane at time t(remember that the spheres
are small compared to the distance between them). Write it in terms of the distance s =√

x2 + y2 from the z-axis.

4. Discuss whether the Ampère-Maxwell law can be used to determine the magnetic field in the
system, mentioning the role of symmetry and the freedom to choose the relevant bounding
surface.

5. Calculate the magnetic field in the xy plane and sketch it as a function of distance from the
z-axis. Compare to the result of part (2). The relation d

dx
1√

a2+x2 = −x
(a2+x2)3/2

may be useful.
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Question 1: Intersecting conducting planes
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A point charge q is placed near the intersection of two perpendicular grounded conducting half-
planes as shown in the Figure. The perpendicular distance to each plane is a. We use Cartesian
coordinates where the intersection of the two half-planes is the z-axis (out of the page) and the x
and y axes are as shown. Assume that the charge lies in the xy plane.

1.1. What is the force on the charge?

1.2. What is the electrostatic energy of the system (the work required to bring the point charge
in from infinitely far away)?

1.3. Write an expression for the induced surface charge density on the xz half-plane (i.e. the lower
half-plane in the figure). You do not need to simplify the expression.

1.4. What is the total induced charge, on the xz half-plane? (Note: this can be answered without
integration. Use symmetry.)
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Question 2: Solenoid with bulk current distribution
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We consider an infinite solenoid geometry, but instead of a thin wire with many turns the current
exists in a cylindrical shell of finite thickness R2 − R1, where R1 and R2 are the inner and outer
radii of the shell, respectively, and has a uniform bulk current density J = J0φ̂ (see figure: the
shaded area is where there is non-zero current density).

2.1. What is the total current, per unit length in the z-direction, going around the solenoid? (That
is, the effective surface current density if you imagine the shell is relatively thin).

2.2. What is the magnetic field fully inside the solenoid (for s < R1) and fully outside the solenoid
(s > R2) ?

2.3. What is the magnetic field in the shell region R1 < s < R2 ? Sketch the magnetic field as a
function of s (including all regions).

Question 3: A conducting sphere in electric field with a finite
boundary
Consider a neutral conducting sphere of radius Rs centered on the origin. There is a uniform
electric field E0ẑ far away from the sphere, but (unlike the textbook example) we impose it at
a finite distance Rb > Rs. In fact, more precisely we specify the component of E normal to the
boundary surface to be that of a uniform field E0ẑ (this is what the uniqueness theorems allow).
We want to know the electrostatic potential V (r) in the region r < Rb.

3.1. Specify the boundary conditions for this problem on both the inner and outer boundaries,
mentioning any choices you are allowed to make. What can you say about the potential for
r < Rs?

3.2. Assuming that solution has the form

V (r, θ) = A0 +
B0

r
+ A1r cos θ +

B1

r2
cos θ (1)

find the V (r) in the region Rs < r < Rb. What does it become in the limit Rb → ∞?
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Question 1: Charge in a cavity
We consider a spherical cavity of radius R inside a perfect conductor, into which different charges
may be placed. These charges will induce a charge density at the boundary σind. The total potential
inside the cavity is therefore the sum of V1(r) due to the original charge(s) placed inside the cavity
and a contribution Vind(r) due to σind.The size and shape of the surrounding conductor are not
relevant. We use spherical polar coordinates with the origin at the center of the cavity.

1.1. What differential equation is satisfied in the cavity by Vind(r)? What boundary condition
must the total potential satisfy at the boundary of the cavity?

1.2. A point charge q is placed at the center of the cavity. What is the induced surface charge
density at the boundary? What is the force on the point charge?

1.3. A pure dipole with dipole moment p is placed at the center of the cavity, pointing in the
positive z-direction. Determine the potential at the boundary due to the dipole. In this case
the induced charge must be such as to satisfy the boundary condition for the total potential.
Determine the potential inside the cavity due to the induced charge. What is the electric field
at the origin due to the induced charge?

1.4. Consider again a point charge but now displaced from the center by an amount h ≪ R in the
direction of the positive z-axis. Write down the exact potential due to the point charge in
terms of r and θ, then show that it can be approximately written as the sum of the potential
from a point charge located at the origin and a dipole located at the origin. Hint: use the
binomial expansion (1 + x)α ≃ 1 + αx.

1.5. Find the force on the displaced point charge in the last part. Does it act to increase or decrease
the displacement?

1.6. If the point charge is placed very close to the boundary (so that the boundary surface is
effectively flat), what is the force on the charge?

1
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Question 2: Bulk current slab and vector potential
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Consider a “slab” region of width d in the z-direction, and infinite in the x- and y-directions
(shaded region in the figure). In this region there is a uniform current density of magnitude J
pointing in the x-direction.

2.1. Calculate the magnetic field B both inside and outside the slab region.

2.2. What differential equation is satisfied by the vector potential A, given that you know the
magnetic field? Write also the integral form of this equation, and comment on the uniqueness
of A.

2.3. Calculate A in all space, assuming it points in the x-direction everywhere and is zero in the
xy-plane.

END OF EXAM

2

126 February 2016: Electrodynamics (English)



Roskilde Universitet

Advanced physics / Electrodynamics (5 ECTS)

Wednesday 18 January 2017. 10.00-13.00

All the usual help materials (textbook plus own notes), including calculators with computer
algebra capability, are permitted. No communication within or in/out of the room permitted.

Answers may be written in Danish or English.

The exam consists of 2 pages with 2 independent problems. All 6 sub-questions have equal weight
in evaluation.

Question 1: Spherical capacitor / resistor

Fig. 1 Fig. 2

a a
b b

We start by considering a “spherical capacitor” geometry consisting of two concentric thin spher-
ical metallic shells (electrodes) of radius a and b, as shown in figure 1. In the beginning we assume
there is vacuum in the space between the shells. In all situations described below there are equal
and opposite charges on the two electrodes, Q on the inner one and −Q on the outer one.

1.1. Assuming a charge Q on the inner electrode, and −Q on the outer one, find the electric field
as a function of distance from the center and sketch it.

1.2. What differential equation does the electric potential V satisfy inside the capacitor, that is in
the region between the shells a < r < b? Find the potential as a function of distance, sketch
it, and show that it satisfies the differential equation.

Now let the space between the shells be filled with an Ohmic conducting material of uniform
conductivity σ. The charges on the inner and outer electrodes are now functions of time, ±Q(t),
respectively, as the capacitor slowly discharges. Assume they change slowly enough (i.e. the conduc-
tivity σ is small enough) that the current distribution can be treated as approximately steady-state
(quasi-static) at any given time, even though it is slowly changing.

1.3. Find the current I flowing from the inner to the outer electrode for a given value of Q(t) (the
charge on the inner electrode). What is the resistance R of the system? Determine the charge
as a function of time, given an initial charge Q0 and sketch it.

1
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Finally we replace the spherical shells with hemispherical shells, with conducting material filling
the hemispherical volume between them (as if we sliced the original capacitor in two through the
equator, see figure 2).

1.4. For a given potential difference ∆V between the electrodes, show that the electric field in the
hemispherical region is the same as in in the completely spherical resistor. Hint: consider
the differential equation satisfied by the electrostatic potential V , and the relevant boundary
conditions. What is the resistance of the system in this case?

Question 2: Solutions to Maxwells’ equations
At a given instant in time, denoted t = 0, the electric field in a region of space is given by either
one of following two expressions:

E1(x, y, z) = E0 cos(kx)ẑ (1)

and
E2(x, y, z) = E0 cos(kx)x̂ (2)

2.1. Consider both of the two electric fields E1 and E2. For each one, say whether it could be an
electrostatic field (i.e., associated with a static charge distribution but no currents). If yes,
what charge distribution could give rise to the field? If not an electrostatic field, could it still
be a time-independent electric field? If so, what charge and/or current distribution and/or
magnetic field must be associated with it?

2.2. Could either of the two electric fields E1 and E2 be part of a solution to Maxwells’ equations
in a region of space with no charges or currents present? If so write out the full solution
including both electric and magnetic fields and their time dependences (there may be more
than one way to do this).
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Question 1: Line charges

(a) (b)

R

d

x

y

Figure 1: (a) Fat wire geometry (b) thin wire above a plane

1.1. Calculate the electric field within and outside an infinitely long charged “fat wire” with radius
R and uniform charge density ρ (Fig. 1(a)). Sketch the field as a function of the relevant
coordinate. Far away from the wire the field is indistinguishable from that of a thin wire with
a certain linear charge density λ. What is the appropriate value of λ?

1.2. For the same fat wire as above, calculate the electrostatic potential V everywhere, commenting
on your choice of zero for the potential. Check that the potential satisfies the appropriate
partial differential equation in all space.

1.3. Calculate the force per unit length on a thin line charge with linear charge density λ held
parallel to, and a distance d from, an infinite grounded conducting plane (Fig. 1(b), where
the grounded plane is the xz-plane and the wire is parallel to the z-axis (out of the page)).

1.4. In the situation with the thin line charge above a grounded conducting plane, How does the
electric field depend on distance at large distances from the wire (large positive y)?

1
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(c)

x

y

R2

ω
R1

Figure 2: Concentric wire loops. R1 is smaller than R2, although it is not obvious in the figure. The
curved arrow labelled ω indicates the direction of rotation.

Question 2: Inductance
2.1. Consider two concentric circular wires lying in the xy-plane, with radii R1 and R2, with R1

much smaller than R2 (Fig. 2). The center of both loops is the origin. If a current I flows
in the larger loop (counterclockwise as seen from above), what magnetic flux is there through
the small loop?

2.2. The smaller loop is now made to rotate about the x-axis with angular velocity ω, where at
time t = 0 it is lying flat. The direction of rotation is counterclockwise as seen looking towards
the origin from the positive direction along the x-axis. Current I still flows in the large loop.
What is the emf induced in the small loop? In which direction would a current flow there
during the first quarter period after t = 0?

2
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