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08.31.05 og 09.21.47 Rafsegulfraedi 1

Sjukra- og upptokupréf 2008, proftimi er 3 klukkustundir.

Leyfileg hjalpargogn eru skriffeeri, hringfari, reiknivélar og kennslubékin:
,»Field and Wave Electromagnetics* eftir David K. Cheng. Grafiskar reiknivélar
skulu nullstilltar i upphafi profs.

Vagi allra verkefna er jafnt. Skrifid skyrt og greinilega allar ttleidslur med hnit-
midudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru 16gd fyrir 4 fslensku
og ensku.

1. Islenska: Milli samsida efri og nedri leidandi plotu plotupéttis er geil ad breidd
d. Efri plotunni er haldid vid spennu Vj, og hinni vid 0. Rafsvara med rafsvor-
unarstudul 6.0 og einsleita pykkt 0.8d er komid fyrir 4 nedri pldtunni. Akvardid
eftirtaldar sterdir, ef vid sleppum bognun rafsvidsins vid jadar péttisins,

(a) rafstodumettid og rafsvidid { rafsvaranum,

(b) rafstodumettid og rafsvidid { loftinu milli rafsvarans og efri plotunnar,

(c) yfirbordshledslupéttleikann & efri og nedri plétunni.
English: The upper and lower conducting plates of a large parallel-plate capac-
itor are separated by a distance d and maintained at potentials V[, and 0, respec-
tively. A dielectric slab of dielectric constant 6.0 and uniform thickness 0.8d is
placed over the lower plate. Assuming negligible fringing effects, determine

(a) the potential and electric field distribution in the dielectric slab,

(b) the potential and electric field distribution in the air space between the di-
electric slab and the upper plate,

(c) the surface charge densities on the upper and the lower plate.



2. Islenska: Geilin milli tveggja samsida leidandi platna med flatarmal S er fyllt
med misleitu dmsku leidandi efni med leidni sem vex linulega fra o; 4 annarri
plotunni (y = 0) ad o, { hinni plotunni (y = d). Jafnspennumunur Vj er settur
milli platnanna.

(a) Akvardid heidarvidnamid milli platnanna.

(b) Akvardid yfirbordshledslupétteikann 4 plétunum.

(c) Akvardid raimhledslupéttleikann og heildarhledsluna milli platnanna
English: The space between two parallel conducting plates each having an area
S is filled with an inhomogeneous ohmic medium whose conductivity varies
linearly from o, at one plate (y = 0) to o, at the other plate (y = d). A d-c
voltage V} is applied across the plates.

(a) Determine the total resistance between the plates.

(b) Determine the surface charge densities on the plates.

(c) Determine the volume charge density and the total amount of charge be-
tween the plates.



. Islenska: Holur sivalur segull med innri geisla a og ytri geisla b snyst um eig-
inn 4s med horntidninni w. Segulinn er med einsleita seglun samsida ds sinum
M = a, M,. Burstasnertur nema vid innri og ytri flot segulsins eins og synt er 4
myndinni. Ef i, = 5000 og o = 107 S/m fyrir segulinn, finnid

Z

(a) H og B 1 seglinum,
(b) spennuna V) { opnu rasinni,

(c) strauminn i lokudu rasinni.

English: A hollow cylindrical magnet with inner radius a and outer radius b
rotates about its axis at an angular frequency w. The magnet has a uniform axial
magnetization M = a, M. Sliding brush contacts are provided at the inner and
outer surfaces as shown in the figure. Assuming that p, = 5000 and ¢ = 107
S/m for the magnet, find

(a) H and B in the magnet,
(b) the open-cicuit voltage Vj,

(c) the short-circuit current.



4. Islenska: Fyrir infallandi bylgju med samsida skautun:
(a) Finnid tengsl markhornsins 6. og Brewster hornsins g fyrir 6segulvirkt
efni.

(b) Skissid upp graf af 6. og g sem falli af hlutfallinu €, /e,.
English: For an incident wave with parallel polarization:
(a) Find the relation between the critical angle 0. and the Brewster angle 0p|

for nonmagnetic media.

(b) Sketch 6. and 0| versus the ratio €; /es.

Daemi adeins fyrir 09.21.47 (nema i raunvisindadeild)

5. Islenska: Samsett loftnet er gert ur einfoldu tviskauti Hertz med lengd L eftir 2-
s og einfoldu segultviskauti med flatarmadli S { xy-sléttunni. Jafnstor hreinténa
straumur /y med horntidni w flytur um badi tviskautin.

(a) Sannreynid ad fjersvid samsetta loftnetsins sé sporbaugsskautad.

(b) Akvardid skilyrdi pess ad fjersvidid sé hringskautad.
English: A composite antenna consists of an elemental Hertzian electric dipole
of length L along the z-axis and an elemental magnetic dipole of area S ly-
ing in the xry-plane. Equal time-harmonic currents of amplitude /;, and angular
frequency w flow in the dipoles.

(a) Verify that the far-field of the composite antenna is elliptically polarized.

(b) Determine the condition for circular polarization for the far field.



Daemi adeins fyrir 08.31.05 (verkfradinema)

. Islenska: Hanna skal tveggja vira merkjaflutningslinu milli tveggja stada sem
eru { 100 km fjarlegd hvor frd 6drum. Vid reikningana parf ad gera rad fyrir tapi
vegna vidndms viranna en gera ma rad fyrir ad rafsvaratop séu 6vera. Gera ma
rad fyrir litlu tapi & linunni p.e. Z; ma ndlga sem rauntélu og « er litid.

Fyrir linu dr tveim samsida virum, er spanid 4 lengdareiningu gefid med

L = B cosh™* <d>
T 2a

par sem d er adskilnadur viranna og a er radii viranna.

(a) Virarnir tveir eru steyptir i pykka plastkapu til ad auka vélrenan styrk.
Hlutfallslegur rafsvorunarstudull plastsins er 5. Hve lengi eru upplysingar
ad berast fra upphafspunkti til afangastadar ?

(b) Leida skal dt jofnu fyrir dtbreidslufasta linunnar. Gera skal rdd fyrir R’ <
wol/, par sem wy er vinnutidnin.

(c) Ef fjarskipti yfir linuna eiga ad ganga, hvert er pa hasta polanlega vid-
nam linunnar 4 lengdareiningu ef minnsta merki sem nema md er 6V og
virarnir bradna ef straumurinn fer yfir 5 A. Gera skal rad fyrir ad kenni-
samvidndm linunnar sé 600 €.

(d) Akvarda skal radfa viranna og adskilnad peirra ef ofangreind skilyrdi eiga
ad vera uppfyllt. Fyrir pa sem ekki gatu reiknad 1id (c) méa gera rad fyrir ad
a =1 x 1075 Np/m og ad leidni viranna sé o = 107 S/m.

English: Design a two-wire communication link between two points separated
by 100 km. In your calculation, consider the losses due to resistivity of the
wires but ignore the dielectric losses. Invoke a low loss approximation, e.g. Z
is approximately real and « is small.

For a two-wire line, the inductance per unit length is given by

L = B cosh™! <d>
T 2a

where d is the separation between the wires and «a is the wire radius.

(a) The two wires are embedded in a thick plastic casing for mechanical sup-
port. The relative dielectric constant of the plastic is 5. How long does it
take to send information from origin to destination ?

(b) Derive an expression for the propagation constant of the line. Assume
R < wyL’, where wy is the operating frequency.



(c) In order to communicate over this distance, specify the maximum tolerable
resistance per unit length if the minimum detectable signal is 6,4V while the
wires melt if the current exceeds 5 A. Assume the characteristic impedance
of the line is 600 ().

(d) Specify the wire radius and separation to staisfy the previous conditions. If
you were not able to solve the previous problem, assume that o = 1 x 1076
Np/m. Assume that the conductivity of the wire o = 10" S/m.



