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Raunvisindadeild
Namsbraut i edlisfraedi

RAF402G Rafsegulfraoi

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

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

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

[ préfinu eru 5 verkefni sem 611 vega jafnt. Skrifid skyrt og greinilega allar tt-
leidslur med hnitmidudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru

16gd fyrir 4 islensku og ensku.

1. Islenska: Undanfarin ar hefur ahugi manna beinst ad nanévirum. Unnid er ad
pvi ad nota pd 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 { z-4s sivalnings hnitakerfis. Hann ber seglun
pvert 4 langdsinn sem lyst er med M = Ma,.

(a) Umskrifid seglunina { sivalningshnit.

(b) Reiknid jafngildar 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 = Mja,,.

(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: Merkjalina er tapslaus og hefur kennividnamid 7, = 600 €2, sem er
raunvidndm. Gerum jafnframt rad fyrir bylgjuhradi eftir linunni sé jafn hrada
lj6ssins, 3 x 10® m/s. Lengd linunnar er L = 300 m.

(a)

(b)

Alagsvidndm, 400 Q er tengt 63rum enda linunnar en hinn endi linunnar
er skammbhleyptur. Skammhlaupid er stuttlega rofid par sem linan er tengd
20 V jafnspennugjafa { gegnum 600 2 vidndm, { 400 nandésekindur. Ad
loknum pessum 400 nanésekindum er enda linunnar aftur skammbhleypt.
Pannig berst { upphafi 400 ns spennupdils inn & linuna.

Rissid dreifingu spennu eftir lengd linunnar, p.e. teiknid gréf sem syna
spennuna V" 4 linunni sem fall af fjarlegdinni 2 fra jafnspennugjafanum,
vid eftirfarandi fimm timapunkta: ¢ = 0, 8 mikrésekindur, 1, 1 mikrések-
undu, 1, 9 mikrésekundur, 3, 1 mikrésekindur, 1 minatu.

Nu er skammhlaupid fjarlegt af enda linunnar og sendir tengdur vid end-
ann. Jafnframt er 600 €2 vidonamid fjarleegt fra hinum enda linunnar og par
er tengt nytt dlagsvidndm Z; = 240 + 7480 (2. Sendirinn sendir 4 tidninni
1 MHz.

Notid Smith kort til ad dkvarda samleidnina Y, = 1/Z;. Notid kortid
einnig til ad dkvarda fjarlegdina d sem parf ad fara eftir linunni fra dlag-
sendanum til ad mela hreint raunvidndm & linunni. Notid Smith kortid til
ad dtla petta raunvidnam, R (2). Laegsta gildi spennu 4 linunni meelist 10
V. Hvert er hasta gildi spennu sem finnst 4 linunni?

English: A transmission line is lossless and has the characteristic impedance
Zy = 600 €, which is purely resistive. Assume that the propagation speed along
the line is equal to the speed of light, 3 x 10® m/s. The length of the line is
L = 300 m.

(a)

(b)

A load resistance of 400 €2 is connected to one end of the line and the
other end is short circuited. The short circuit is momentarily removed and
the line is connected to a 20 V DC voltage source through a 600 (2, for 400
nanoseconds. At the end of the 400 nanoseconds the end of the line is again
short circuited. This results in an initial 400 ns voltage pulse propagating
along the line.

Sketch the distribution of the voltage along the line, i.e. draw graphs show-
ing the voltage V' on the line as a function of the distance 2z from the DC
voltage source, at the following five time instances: ¢ = 0, 8 microseconds,
1, 1 microseconds, 1,9 microseconds, 3, 1 microseconds, 1 minute.

Now the short circuit is removed and a transmitter is connected to the end
of the line. Furthermore, the 600 (2 resistor is removed from the other end
of the line, and a new load impedance is connected Z; = 240 + 5480 €.
The transmitter is operated with a frequency of 1 MHz.



Use a Smith chart to determine the admittance Y7, = 1/Z;. Also, use the
chart to determine the distance d from the load along the line, at which a
pure resistance will be measured in the line. Use the Smith chart to deter-
mine the value of this resistance, R (£2). The minimum voltage measured
on the line is 10 V. What is the maximum voltage on the line?

Nokkur heildi — some integrals
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The Complete Smith Chart

Black Magic Design
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