Haskéli Islands
Raunvisindadeild
Namsbraut i edlisfraedi

EDL401G og RAF402G Rafsegulfraedi 1

Midvikudaginn 6. mai 2009, kl. 09:00-12:00.

Leyfileg hjalpargogn eru skriffzeri, hringfari og kennslubdkin: ,,Field and Wave
Electromagnetics* eftir David K. Cheng. Engar reiknivélar.

Vagi verkefnanna er jafnt. Skrifid skyrt og greinilega allar utleidslur med hnit-
midudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru 16gd fyrir 4 islensku
og ensku.

1. Islenska: Punkteind med hledslu Q er { fjarleegd d fra éendanlegri kjorleidandi
6hladinni jardbundinni sléttu.
(a) Finnid yfirbordshledsludreifinguna p, sem skautast 4 leidandi sléttunni.
(b) Sannreynid ad heildar skautada hledslan sé —().
(¢) Reiknid kraftinn sem () verkar 4 p, med.
(d) Hvernig er pessi kraftur samanborinn vid kraftinn milli () og imyndar

hennar —(Q)?

English: A point particle with charge () is placed at a distance d from an infinite
plane grounded ideal conductor.

(a) Find the surface polarization charge p, on the infinite plane.

(b) Confirm that the total polarized charge is —Q).

(c) Calculate the force that () excerts on p;.

(d) How is this force compared to the force between () and its image —Q)?

2. Islenska: Reiknid vidndmid milli bognu flatanna 4 halfri hringskifu. Hun er

med pykkt h og edlisleidni o. Innri geislinn er a og sd ytri b.

English: Calculate the resistance of a half-circular washer between its two
arched surfaces. It has the thickness h, and conductivity o. The inner radius
is a, and the outer one b.



. Islenska: St6r efnishella med pykkt d liggur pvert 4 segulsvid Hy = a, Hy. Af
jadarhrifum slepptum, dkvardid segulsvidid inni i hellunni;

(a) ef efnid 1 hellunni er med segulsvorunarstudul i,

(b) ef hellan er fastur segull med seglun M; = a, M.
English: A large slab of material of thickness d lies perpendicular to a magnetic
field Hy = a, H,. Neglecting fringe effects, determine the magnetic field inside
the slab;

(a) if the material in the slab has a permeability i,

(b) if the slab is a permanent magnet with magnetization M; = a, M.

. Islenska: Rafsvid kalubylgju { tomarimi er gefid med jofnunni

E
E= agfo sin 0 cos (wt — kR).

(a) Finnid samsvarandi segulsvid H.

(b) Finnid medalgildi vigur Poyntings.

(c) Finnid medalgildi heildarafisins.
English: The electrical field of a spherical wave in free space is given by the
equation

E
E= agﬁo sin 6 cos (wt — kR).

(a) Determine the corresponding magnetic field H.
(b) Determine the time-average Poynting vector.

(c) Determine the total time-average power.
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. Islenska: Lotubundinn straumur i tima I(t) = I, cos (wt) fledir um einsleitan
litinn hring med geisla b << A { zy-sléttu.
(a) Finnid geislunarvidndm R, segultviskautsins.

(b) Finnid jofnu fyrir nytni loftnetsins 7,., ef hringurinn er med pversnidsgeisla
a og edlisleidni o.

(c) Hvernig mé auka nytni loftnetsins med somu virtegund?

(d) Hverju lysir R,.?
English: Time-harmonic current I(t) = I cos (wt) flows in a homogeneous
small circular loop with radius b << A in the zy-plane.

(a) Find the radiation resistance R, of the magnetic dipole.

(b) Obtain an expression for the radiation efficiency 7,., if the loop is made of
a wire with conductivity o and cross section radius a.

(c) How can the efficiency of the antenna be increased with the same wire
type?
(d) What is R, describing?
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6. Islenska: Fadilina er tapslaus og hefur bylgjuvidonamid Z, = 100 €2, sem
er raunviondm. Gerum ennfremur rdd fyrir ad bylgjuhradi eftir linunni sé jafn
hrada ljéssins, 3 - 10® m/s. Lengd linunnar, L, er 300 m.

(a)

(b)

Linunni er skammbhleypt vid annan endann. Vid hinn enda linunnar er
tengdur 90 V jafnspennugjafi gegnum 50 2 vidndm vid timann ¢ = 0 og
vid petta breidist spenna ut eftir linunni. Teiknid dreifingu spennu eftir
lengd linunnar vid timann ¢ = 2,5 mikrosekindur, synid spennugildin
sem par koma fyrir og pélun peirra 4 pvi andartaki.

Skammbhlaupid vid enda linunnar er nd rofid, en samvidnam Z; = 50 +
760 €2 er 1 stadinn tengt sem dlag vid enda linunnar. Notid Smith kort til
ad 4etla samleidnina Y, = 1/Z;. Notid kortid einnig til ad dkvarda
fjarlegdina d (meld { bylgjulengdum) sem parf ad fara fr4 dlagsendanum
til ad mela hreint raunvidndm inn { linuna. Hvert verdur petta raunvidnam,
G (€2)? Skraid tolulegu gildin fyrir pessar prjar sterdir (Y7, d og G) og
synid einnig hvernig par eru fundnar 4 Smith kortinu.

English: A transmission line is lossless and has the characteristic impedance
Zy = 100 €, which is resistive. Assume that the propagation speed along the
line is equal to the speed of light, 3 - 10% m/s. The length of the line, L, is 300 m.

(a)

(b)

The transmission line is short circuited at one end. A 90 V DC voltage
source is connected to the line at the other end through a 50 2 resistor at
time ¢ = 0, which results in a voltage propagating along the line. Draw the
voltage distribution along the line at time ¢ = 2,5 microseconds, show
the voltages that occur on the line and their polarities at that instance.

Now the short circuit at the end of the line is removed and replaced with
a load impedance Z; = 50 + j60 2. Use a Smith chart to determine the
admittance Y, = 1/Z;. Also, use the chart to determine the distance d
(measured in wavelengths) from the load, at which a pure resistance will
be measured into the line. Determine the value of this resistance, G (€2).
Present the numerical values estimated for these three quantities (Y7, d and
(7), and indicate also how they are determined on the Smith chart.
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