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EDL401G Rafsegulfradi 1

Pridjudaginn 28. april 2015, kl. 09:00-12:00. Kennari: Vidar Gudmundsson.

Leyfileg hjalpargogn eru skriffeeri, vasareiknivél, og kennslubékin: ,,Field and

Wave Electromagnetics* eftir David K. Cheng 4samt nétum kennara og
nemanda.

I préfinu eru 5 verkefni sem 61l vega jafnt. Skrifid skyrt og greinilega allar ut-
leidslur med hnitmidudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru
16gd fyrir 4 islensku og ensku.

1. Islenska:

(a)

(b)

Hugsum okkur skilflét tvenns konar efnis. I rafstodufradi héfum vid notad
V x E = 0 til pess ad leida ut ad pattur rafsvidsins samsida skilfletinum sé
samfelldur vid hann. I rafsegulfraedi gildir hins vegar ad V x E = —9,B,
16gmal Faradays. Hvernig getum vid enn krafist ad pattur rafsvidsins sam-
sida skilfletinum sé samfelldur vid hann { rafsegulfredi?

I rafsegulfradi eru leiddar tt bylgjujofnur fyrir mettin A og V. Synid ad {
seinkudu lausnum peirra er seinkunin had efninu sem rafsegulbylgjan berst
um.

English:

(a)

(b)

Imagine the interface of two different materials. In electrostatics we have
used V x E = 0 to derive that the component of the electric field parallel
to the interface must be continuous across it. In electordynamics we have
instead the Faraday law V x E = —0,B. How can we still request the
component of the electric field parallel to the interface to be continuous in
electrodynamics?

In electrodynamics we derive wave equations for the potentials A and V.
Show that in the retarded solutions the retardation depends on the material
the electromagnetic wave propagates through.



2. Islenska: Orsmau raftviskauti med vaegi p = poa, er komid fyrir { midju kilu-
laga holrimi med geisla a { stérum jardbundnum kjorleidara.
(a) Tilgreinid jadarskilyrdi rafstodumettisins 1 holriminu.
(b) Finnid rafstodumettid innan holrimsins.
(c) Finnid yfirbordshledsludreifinguna sem skautast 4 vegg holriimsins.
(d) Hver er heildaryfirbordshledslan?

(e) Hvert er tviskautsvagi yfirbordshledslunnar?

English: Microscopic electrical dipole with momentum p = ppa, is placed at
the center of a spherical cavity with radius a in a large ideal grounded conductor.

(a) State the boundary conditions for the electrostatic potential in the cavity.
(b) Find the electrostatic potential inside the cavity.
(c) Find the surface charge density polarized on the wall of the cavity.

(d) What is the total surface charge?

(e) What is the dipole momentum of the surface charge density?



3. Islenska: Flatur leidari samsida x-y-sléttunni med z-hnit takmarkad milli z =
—a og z = a ber frjalsan straumpéttleika J = Jpa,. Leidarinn er med segulvid-
tak x,, = 0. Utan leidarans er linulega seglandi efni med vidtak y,,, # 0. Finnid
alls stadar H, B, M og jafngilda seglunarstrauma.

English: Flat conductor parallel to the x-y-plane with z-coordinates restricted
between z = —a and z = a carries a free current density J = Jya,. The
conductor has magnetic susceptibility x,, = 0. Outside the conductor is a linear
magnetic material with susceptibility x,, # 0. Find everywhere H, B, M and
the equivalent magnetization currents.

4. Islenska: Samdasakapall er gerdur pannig ad milli midleidarans og ytri skeljar-
innar er rafsvarandi efni. Rafsvarinn er einangrandi nema sneid med hornid « er
med edlisleidnina o. Finnid leidni kapalsins 4 lengdareiningu.

English: Coaxial cable is made with a dielectric filling the cavity between the
central conductor and the outer conducting shell. The dielectric is insulating ex-
cept for a slice with the angle « that has the conductivity o. Find the conductance
of the cable per unit length.



5. Islenska: Vid hofum leitt t vigurmattid og segulfledisvidid fyrir segultviskaut
med geisla b sem liggur { z-y-sléttu sem

sin 0, B = /" (ag2cosf + aysinb).

Mo
A=ay 47 R3

47 R?
Segulvagid er m = I7b*. Med pvi ad skilgreina segulvagid sem vigur pvert 4
flot tviskautsins, m = [s, par sem s er vigur med ,,Jlengd* flatarméls tviskautsins
og stefnu pvert 4 flot pess, er hegt ad fa 6had hnitum

Ho

= '"—mx ag.
47 R?

(a) Synid ad segulfledisvidid megi rita 6h4d hnitum sem

Ho
B = P [3(m-ag)ar — m],

par sem R er stadsetning athuganda midad vid segultviskautid.

(b) Hugsum okkur nd tvo orsma segultviskaut med s; og s,. Tviskaut 2 er
stadsett med vigrinum R frd skauti 1. Synid ad vixlspan beirra sé

4T R3

[B(s1-agr)(s2-agr) — sy - 8.
Vixlverkunarorka tveggja segultviskauta er U = M II,. Pvi er hegt ad skil-
greina Hamilton-virkja peirra sem H = U, eda

_ Ho
47 R3

[B(m; - ag)(my - ag) — my - my).

(Pegar vixlverkun tveggja spuna er konnud fest sami Hamiltonvirki en med 6f-
ugu formerki. Par parf ekki ad taka tillit til orkunnar sem vidheldur spununum
sjalfum).



English: We have derived the vector potential and the magnetic flux density for
a magnetic dipole with radius b lying in the x-y-plane as

_ Homm

4 RSB

m
A:a¢,'u0

i B2 sin @, B

(ag2cosf + aysinb).

The magnetic momentum is m = I7b*. By defining the momentum as a vector
perpendicular to the plane of the dipole, m = [Is, where s is a vector with
“length” the area of the dipole and direction perpendicular to its plane, it is
possible to get independent of coordinates

Ho
47 R?

= m X ag.
(a) Show that the magnetic flux density can be written independent of coordi-

nates as
Ho

 47R3
where R is the position of the observer with respect to the magnetic dipole.

[3(m - ag)ar — m],

(b) Now, imagine two microscopic magnetic dipoles with s; and s;. Dipole 2
is positioned by the vector R relative to dipole 1. Show that their mutual
inductance is

4T R3

[B(s1-agr)(s2-agr) — sy - 8.
The interaction energy of two magnetic dipoles is U = M I, ;. Thus is possible
to define their Hamiltonian as H = U, or

4T R3

[B(m; - ag)(my - ag) — my - my).

(When the interaction of two spins is explored we get the same Hamiltonian,
but with opposite sign. There we need not to consider the energy necessary to
maintain the spins themselves).



