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Midvikudaginn 4. mai 2016, kl. 13:30-16:30. Kennari: Vidar Gudmundsson.

Leyfileg hjalpargogn eru skriffzeri, vasareiknivél, og kennslubékin: ,,Field and
Wave Electromagnetics‘ eftir David K. Cheng asamt n6tum 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: Undanfarin r hefur dhugi manna beinst ad nanévirum. Unnid er ad
pvi ad nota pa sem nandloftnet og leitad er ad margs konar hlutverkum fyrir pa.
Hugsum okkur einn pannig med sivalningslogun og endanlega lengd L. Geisli
hans er a. Langds virsins liggur { 2-4s sivalnings hnitakerfis. Hann ber seglun
pvert 4 langédsinn sem lyst er med M = Mya,.

(a) Umskrifid seglunina { sivalningshnit.

(b) Reiknid jatngildar segulhledslur fyrir yfirbord og bol virsins.

(c) Finnid heildarsegulhledslu virsins.

(d) Reiknid jafngilda seglunarstrauma virsins fyrir bol og yfirbord.

(e) Lysid og rissid upp mynd af jafngildu straumunum.
English: In the last years the interest has been growing in nanowires. Work is
underway to use them as nanoantennae, and many other roles are being sought
for them. We imagine a cylindrical nanowire with finite length L. Its radius is
a. The symmetry axis of the wire is along the z-axis of a cylindrical coordinate
system. It carries a magnetization perpendicular to its symmetry axis that is
described by M = Mya,.

(a) Express the magnetization in cylindrical coordinates.

(b) Calculate the equivalent magnetic charges for the surface and the bulk.

(c) Find the total equivalent magnetic charge of the wire.

(d) Calculate the equivalent magnetization currents for the surface and the
bulk.

(e) Describe the equivalent currents and sketch a figure of them.



2. Islenska: Segulfldi um hringlaga lykkju med geisla a, sjdlfspani L og vidndmi
Rer ®(t) = &y (T't)? exp (—I't). Gerum r4d fyrir pvi ad straumur um lykkjuna
{ upphafi sé i(0) = 1.

(a) Finnid strauminn um lykkjuna i(t).
(b) Hve mikil hledsla hefur flust um hvern punkt lykkjunnar pegar ¢ — oo?

(c) Hvernig er heildarhledsluflutningurinn hddur upphafsgildi straumsins?

English: Magnetic flux through a circular loop with radius a, self-inductance L,
and resistance R is ®(t) = @, (I't)? exp (—T't). We assume the initial current to

(a) Find the current in the loop ().
(b) How much charge has passed each point of the loop as ¢ — c0?

(c) How does the total charge transported depend on the initial value of the
current?

3. Islenska: Gegnheil mdlmkuila med geisla a ber hledslu (). Kiilan er hidud
med jafnpykku rafsvarandi lagi med rafsvorunarstudul € og ytri geisla b. Finnid
spennu kuilunnar midad vid ad hin sé 0 pegar R — oo.

English: Solid metal ball with radius a carries charge (). The ball is coated with
a uniform dielectric layer with dielectric constant ¢, and outer radius b. Find the
potential of the ball compared to 0 as R — oo.

4. Islenska: Vigursvidid er gefid sem A = (—y?B,z3B,0)/(2a?) { kartiskum

hnitum par sem a hefur viddina lengd. Reiknid segulfledid um larétta hringlaga
lykkju med geisla b og midju { midri x-y-sléttunni. Finnid einnig segulfledisvid-
i0.
English: The vector potential is given as A = (—y*B, 2°B,0)/(2a*) in Carte-
sian coordinates, where a has the dimension length. Calculate the magnetic flux
through a horizontal circular loop with radius b and a center in the middle of the
x-y-plane. Find also the magnetic flux field.



5. Islenska: Til ad skilja betur muninn 4 rafstodumatti og geislunarlausn fjolskauts
er agaett ad athuga tviskaut. Hugsum okkur tviskaut med hledslur { z = +d.
Athugandi er { fjarlegd R fra upphafspunkti kiluhnitakerfisins. Frd honum séd
er onnur hledslan { fjarlegd R, og hin { fjarlegd R_. Ef vi0 notum fasora p4 er
mettid séd frd athugandanum

e [eRRe  gikR-
VIR) = 41eg < Ry  R_ )’

med
R% = R* —2Rdcosf +d*>, og R>=R*+2Rdcosf+d°.

Kannid mettid pegar R > d. Fyrir stodumettid gildir til vidbétar ad k£ =
w/c — 0, en fyrir timahdda geislunarmettid er k endanlega steerd. Hver eru
adfelluform pessara tveggja matta pegar R — oo?

English: To understand better the difference between the static potential and the
radiating solution for a multipole it is good to explore the dipole. We imagine a
dipole with charges at z = £d. An observer is at the distance R from the origin
of the spherical coordinate system. He sees one charge at distance /2, and the
other one at R_. Using phasors the potential seen by the observer is

e [eRBRe  pikR-
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with
Ri = R? —2Rdcosf@+d?, and R? = R*>+2Rdcosf + d°.

Explore the potential when R >> d. For the static potential we have additionally
that £ = w/c — 0, but for the time-dependent radiating potential % is a finite
quantity. How are the asymptotic forms of these two potentials when R — co?



Nokkur heildi — some integrals
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