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RAF402G Rafsegulfraedi 1

Pridjudaginn 7. mai 2013, kl. 09:00-12:00. Kennarar: 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.

I préfinu eru 5 verkefni sem 6l vega jafnt. Skrifid skyrt og greinilega allar tt-
leidslur med hnitmidudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru
16g0 fyrir 4 islensku og ensku.

1. Islenska: { segulrasinni 4 myndinni er kjarni med pverskurdarflot S og segul-
svorunarstudul ¢ > . Vid gerum rad fyrir pvi ad kjarninn svari ytri segulhrif-
um linulega, pannig ad B = pH. Lengdir biita kjarnans dsamt vafningum sp6l-
anna og straumstefnur og styrkur eru gefnar 4 myndinni. Finnid segulfladisvidid
B 1 geilinni med lengd ¢ 4 myndinni.
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English: In the magnetic circuit in the Figure is a core with cross section S
and permeability ;o > . We assume the core to respond to external magnetic
influence in a linear fashion, i.e. B = pH. The length of the parts of the core
together with properties of the coils and the current in them is shown in the
Figure. Find the magnetic flux field B in the gap with length c in the Figure.
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2. Islenska: Sivalningspéttir er gerdur ur tveimur samhlida og sammidja mjog
l6ngum kjorleidandi 6rpunnum svivalningspynnum. Su ytri er med geisla b og su
innri er med geisla a. Milli sivalninganna er lekur rafsvari med €(r) = €7 /b og
edlisleidni o (r) = oga/r. Um péttinn fleedir fastur straumur 7 4 lengdareiningu.

(a) Reiknid leidni sivalningspéttisins 4 lengdareiningu.
(b) Finnid dreifingu frjalsra hledslna { rafsvaranum og 4 rafskautum péttisins.

(c) Hver er dreifing skautunarhledslna i rafsvaranum og & jodrum hans vid
rafskautin (sivalningspynnurnar)?

(d) Hver er heildar frjalsahledslan { péttinum 4 lengdareiningu?
English: Cylindrical capacitor is made of two parallel and coaxial very long
ideally conducting thin cylindrical conductors. The outer one has radius b and
the inner one has radius a. Between the cylinders is a leaky dielectric material
with €(r) = eor /b and conductivity o(r) = opa/r. Through the capacitor flows
a constant current /.

(a) Calculate the conductance of the capacitor.

(b) Find the distribution of the free charge in the dielectric material and on the
electrodes of the capacitor.

(c) What is the distribution of polarized charges in the dielectric material and
at its boundaries with the electrodes (the cylindrical conductors)?

(d) What is the total free charge of the capacitor?



3. Islenska: Eftir 16ngum rétthyrndum bylgjustokki med hlidlengdir a 1 x-att og b
i y-att berst TE;o bylgja. Inni { stokknum er einsleitur rafsvari med studla € og

L4
(a) Finnid spanada yfirbordsstrauma 4 kjorleidandi innri veggjum stokksins.
(b) Finnid spanadar yfirbordshledslur 4 innri veggjum stokksins.

(c) Synid er yfirbordshledslur og straumar 4 innri veggjum stokksins uppfylli

samfeldnij6fnuna.

English: Along a very long rectangular waveguide with side length a in the x-
direction and b in the y-direction travels a TE;y wave. Inside the waveguide is a
homogeneous dielectric material with coefficients € and .

(a) Find the induced surface currents on the inner walls of the guide.
(b) Find the induced surface charges on the inner walls of the guide.
(c) Show that the surface currents and charges fulfill the equation of continuity

on the inner walls of the waveguide.

4. Islenska: Ferningslogud leidandi lykkja med hlidlengd a liggur { midri yz-sléttu
i segulfledisvidi B = Byza,. Finnid heildarkraftinn 4 lykkjuna ef um hana
fleedir fastur straumur /. Athugid ad hér parf ad fastsetja stefnu straumsins.

English: Square conducting loop with sidelength «a lies in the center of the yz2-
plane in a magnetic flux field B = Bjza,. Find the total force on it if it carries
a constant current /. Here you need to fix the direction of the current.



5. Islenska: Merkjalina er tapslaus og hefur kennividonamid 7, = 50 {2, sem er
raunvidndm. Gerum ennfremur rad fyrir bylgjuhradi eftir linunni sé jafn hrada
1j6ssins, 3 - 10% m/s. Lengd linunnar, L, er 600 m.

(a)

(b)

Vid annan enda linunnar er tengt dlagsviondm Ry = 150 §2. Vid hinn enda
linunnar er tengdur 40 V jafnspennugjafi gegnum 150 €2 vidndm vid timann
t=0.

Teiknid dreifingu spennu eftir lengd linunnar vid timann ¢ = 5 mikrdsek-
undur, b.e. teiknid graf sem synir spennuna V' sem fall af fjarlegdinni 2 fra
jafnspennugjafanum.

Alagsvidnamid R, er nu fjarlegt fra enda linunnar, en samvidnim Z; =
25 4 730 €2 er {1 stadinn tengt par vid linuna. Notid Smith kort til ad dztla
samleidnina Y7, = 1/Z;. Notid kortid einnig til ad dkvarda fjarlegdina
d (meld 1 bylgjulengdum) sem parf ad fara fra dlagsendanum til ad mala
hreint raunvidndm inn { linuna. Hvert verdur petta raunvidnam, G (£2)?
Skréid tolulegu gildin fyrir pessar prjar sterdir (Y7, d og G) og synid einnig
hvernig per eru fundnar med pvi ad merkja inn & Smith kortid sem fylgir.

English: A transmission line is lossless and has the characteristic impedance
Zy = 50 €2, which is purely 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
600 m.

(a)

(b)

A load resistance, R; = 150 €2, is connected to one end of the line. A 40 V
DC voltage source is connected to the line at the other end through a 150
() resistor at time ¢t = 0.

Draw the voltage distribution along the line at time ¢ = 5 microseconds,
i.e. sketch a graph showing the voltage V' as a function of the distance z
from the voltage source.

Now the load resistance R is removed from the end of the line, replaced
with a load impedance Z;, = 25 + j30 € at the end of the line. 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 attached.
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