Haskéli Islands
Raunvisindadeild
Namsbraut i edlisfraedi

EDL401G og RAF402G Rafsegulfraedi 1

Sjukra- og upptokuprdf 1 juni 2009.

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
sléttu sem haldid er vid spennu V5.

(a) Finnid rafstodumettid V (z, y, 2).

(b) Finnid kraftinn milli punkthledslunnar og sléttunnar.

English: A point particle with charge () is placed at a distance d from an infinite
conducting plane that is held at voltage V.

(a) Find the electrostatic potential V' (z,y, z).

(b) Find the force between the point charge and the plane.

2. Islenska: Afsneiddum ,,Keilulaga efnisbuti“ er 1yst { kaluhnitum med
RlSRSRQ, og OSQSGO
Finid vidndmid milli R; og R, yfirbordanna ef edlisleidni efnisins er lyst med
O'(R) = O'[)Rl/R.

English: A truncated ‘“conical block™ of material defined in spherical coordi-
nates by
R1§R§R2, and OSQS@Q

Determine the resistance between the R, and the R, surface if the conductivity
of the material is described by o(R) = oo R, /R.



3. Islenska: Gegnheill jarnkjarni med 16gun hjolflots og segulsvorunarstudul g,
hefur medalgeisla R og hringlaga pversnid med geisla b. I kjarnanum er geil med
lengd ¢,. Straumur / fledir um N-vafninga um kjarnann og leidir til segulfleedis
® um hann.

Ef ekkert fleedi lekur 1t fyrir kjarnann og notandi medallengd kjarnans, reiknid

(a) segulvidndm geilarinnar og segulvidnam jarnkjarnans,

(b) B, og H, 1 geilinni, og B, og H, 1 kjarnanum,

(c) strauminn sem parf til ad vidhalda segulfledinu.
English: A toroidal iron core with relative permeability y, has mean radius R
and a circular cross section with radius 6. The toroidal is not complete, but
has air gap with length ¢,. A current I flows in an N-turn winding around the
toroidal to produce a magnetic flux ®. Neglecting flux leakage and using the
mean path length, find

(a) the reluctance of the air gap and of the iron core,

(b) B, and H, in the air gap, and B, and H. in the iron core,

(c) the required current to maintain the flux.



4. Islenska: Rétthyrnd leidaralykkja med breidd w og ha&d A er stadsett naerri 16ng-
um leidara eins og myndin synir.

Langi leidarinn ber timah&dan straum 7; = ig exp {—(7%)*}.

(a) Lykkjan hefur spanstudul L. Finnid spanada strauminn ¢, 1 henni.

(b) Reiknid orkuna sem eydist { vidnaminu R.

Hér er leyfilegt skila lausn sem heildi.

English: A rectangular loop of width w and height 7 is situated near a very
long wire as the figure shows. The long wire carries a time-dependent current

i1 = igexp {—(7t)?}.

(a) Find the induced current i, in the rectangular loop whose self-inductance
is L.

(b) Find the energy dissipated in the resistance R.

Here, an answer can be expressed as an integral.
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. Islenska: Larétt raftviskaut med lengd d/ er { had d yfir kjorleidandi jord. Lotu-
bundinn straumur er um tviskautid med styrk /, 1 stefnu y-4ss. Finnid ttbreidslu-
mynstrid { zy-sléttu, zz-sléttu og yz-sléttu. Rissid upp mynstrin pegar d = A/2.

English: Horizontal electrical dipole of length d/ is placed in the height d above
a perfect conducting earth. The dipole carries a time-harmonic current with
intensity /j in the direction of the y-axis. Find its radiation pattern functions in

the zy-plane, the xz-plane, and the yz-plane. Sketch the patterns for the case
d=M\/2.
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6. Islenska: Fadilina er tapslaus og hefur bylgjuvidonamid Z, = 100 €2, sem er
raunvidndm. Gerum ennfremur rad fyrir bylgjuhradi eftir linunni sé jafn hrada
lj6ssins, 3 - 10% m/s. Lengd linunnar, L, er 300 m.

(a)

(b)

Linan er opin (6tengd) vid annan endann. Vid hinn enda linunnar er tengd-
ur 90 V jafnspennugjafi gegnum 200 €2 vidondm vid timann ¢ = 0 og vid
petta breidist spenna og straumur ut eftir linunni. Teiknid dreifingu straums
eftir lengd linunnar vid timann ¢ = 2.5 mikrésekundur, synid straumgildin
sem par koma fyrir og stefnu straumsins 4 hverjum stad.

Nu er 6pekkt dlagsvidndm (samvidndm) tengt vid pann enda linunnar sem
adur var 6tengdur. Vid hinn endann er tengdur sinusspennugjafi. Melt ut-
slag sinusspennunnar 4 linunni fer minnkandi pegar fjer er farid frd alags-
vidndminu og ner ldgmarkinu 5 V1 1 m fjarlegd frd dlagsvidndminu. Peg-
ar enn lengra er farid fra dlagsvidonaminu hakkar spennan aftur og nar ha-
markinu 15 V 1 3 m fjarlegd fra dlagsvidndminu. Finnid standbylgjuhlut-
fallid S og endurkastsstudulinn ' (badi lengd og horn). Notid Smith kort
til ad detla dlagsvidndmid (raunvidndm og launvidndm) og synid hvernig
pad er dkvardad 4 Smith kortinu.

English: A transmission line is lossless and has the characteristic impedance

Zy
line

(a)

(b)

= 100 €2, which is resistive. Assume that the propagation speed along the
is equal to the speed of light, 3 - 10® m/s. The length of the line, L, is 300 m.

The transmission line is open circuited (unconnected) at one end. A 90 V
DC voltage source is connected to the line at the other end through a
200 €2 resistor at time ¢ = 0, which results in voltage and current prop-
agating along the line. Draw the current distribution along the line at time
t = 2.5 microseconds, show the current values that occur on the line and
the current directions at that instance.

Now an unknown load impedance is connected to the transmission line
end that was previously unconnected. A sine wave generator is connected
to the other end. The measured sinusoidal voltage decreases at increasing
distance from the load and reaches the minimum of 5 V at 1 m distance
from the load impedance. Beyond this the voltage increases again and
reaches the maximum of 15 V at 3 m distance from the load. Find the
standing wave ratio, .S, and the reflection coefficient I' (both magnitude
and angle). Use a Smith chart to estimate the load impedance (resistance
and reactance), and show how this is determined on the Smith chart.
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