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EDL401G Rafsegulfradi 1

Midvikudaginn 2. mai 2012, kl. 13:30-16:30. Kennarar: Vidar Gudmundsson og
Hrefna M. Gunnarsdottir.

Leyfileg hjalpargogn eru skriffseri, vasareiknivél, og kennslub6kin: ,,Field and
Wave Electromagnetics* eftir David K. Cheng 4samt nétum kennara og
nemanda.

I préfinu eru 6 verkefni sem 61l 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: Langur punnur leidari med linuhledslu p; liggur 1 fjarleegd d frd storri

sléttri malmplotu.

(a) Reiknid rafstodumeettid.

(b) Finnid rafsvidid.

(c) Finnid hledsludreifinguna 4 yfirbordi malmplotunnar.

(d) Hvad er hagt ad segja um heildarhledslu malmplétunnar?
English: Long thin conductor with linear charge p; lies at distance d from a large
flat metal plate.

(a) Calculate the electrostatic potential.

(b) Find the electrical field.

(c) Find the charge distribution on the metal plate.

(d) What can be stated about the total charge of the metal plate?



2. Islenska: Rés er keyrd med afigjafa sem hefur v,(t) = 12 cos(wt) V med tidni
1 GHz.
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Innra vidndm aflgjafans er R, = 20 (). Taplaus merkjaflutningslina med kenni-
vidnam Z; = 50 €2 og lengd [ > A tengir saman aflgjafann og dlag sem saman-
stendur af vidnami, R; = 73 €2, og spélu, L = 7 nH.

(a) Skodid risina 4 mynd a). Finnid endurvarpsstudulinn vid alagid, I', og
standbylgjuhlutfallid, S, 4 linunni.

(b) Til ad vernda aflgjafann fyrir endurvérpum fré dlaginu, pa er dkvedid ad
adhzfa dlag og linu med pvi ad splesa taplausum kvartbylgju-breyti inn {
50 2 linuna, eins nalagt dlaginu og hegt er, sjd mynd b).
i. Utskyrid hvernig kvartbylgju-breytirinn kemur { veg fyrir endurvérp
att ad aflgjafanum og af hverju breytirinn getur ekki verid alveg vid
alagid. Skilgreinid 61l pau innsamvidnam sem borf er 4.
ii. Finnid fjarlegdina frd dlaginu ad kvartbylgju-breytinum, d, og kenni-
samvidnam kvartbylgju-breytisins, Z.
iii. Hver eru standbylgjuhlutf6llin 4 50 2 linubtdtunum eftir adhefingu?



English: A circuit is driven by a power source with v,(¢) = 12 cos(wt) V, and a
frequency of 1 GHz.
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Its internal resistance is 17, = 20 ). A lossless transmission line with character-
istic impedance Z; = 50 {2 and length [ > X connects the source and the load,
which consists of a resistor, R, = 73 €2, and an inductor, L = 7 nH.

(a) For the circuit in figure a): Find the load reflection coefficient, I', and the
standing wave ratio, S, on the line.

(b) To protect the power source from reflections from the load, a lossless
quarter-wave transformer is inserted into the 50 (2 transmission line as
close to the load as possible, to match the load and the line, see figure
b).

i. Explain how the quarter-wave transformer eliminates reflections to-
wards the source, and why it has to be located slightly away from the
load. Define all relevant input impedances.

ii. Find the distance, d, between the load and the quarter-wave trans-
former, and the characteristic impedance of the quarter-wave trans-
former, Zj.

iii. Find the standing wave ratios on the 50 € line-segments after match-
ing.



3. Islenska: Langur sivalur leidari med geisla a ber straumpéttleikann
_ , r
j(r) = jo cos <2a>'
(a) Finnid heildarstrauminn { leidaranum.

(b) Finnid segulfledisvidid B utan leidarans.

(c) Finnid segulfledisvidid B innan leidarans.

English: A long straight cylindrical conductor of radius a has a current distribu-
tion

, , wr

j(r) = jo cos (2@)

(a) Find the total current in the conductor.

(b) Find the magnetic flux density B outside the conductor.

(c) Find the magnetic flux density B inside the conductor.

4. Islenska: Athugid tvo samskonar punna koparhringi med geisla a og vidnam
R. Annar er samsida og beint yfir hinum { fjarlegd d >> a. Vaxandi straumur
I = Iot/7 er i nedri hringnum. Horfid fram hja sjélfspani hvors hrings og gerid
edlilegar rokstuddar nalganir.

(a) Finnid segulvagi nedri hringsins.

(b) Finnid segulfledid um efri hringinn.

(c) Finnid ispennuna og spanada strauminn { efri hringnum.

(d) Finnid kraftinn milli hringjanna. Er pad frahrindi- eda addrattarkraftur?
English: Consider two identical thin rings of copper with radii a and resistance
R. One is placed parallel to and directly above the other at a distance d >> a.
An increasing current I = It/ is applied in the lower ring. Neglect the self-
inductance of each ring and make appropriate justified approximations.

(a) Find the magnetic dipole moment of the lower ring.

(b) Find the magnetic flux through the upper ring.

(c) Find the induced EMF and the current in the upper ring.

(d) Find the force between the rings. Is it repulsive or attractive?



5. Islenska: Hugsum okkur kjorpétti gerdan ur storum samsida hringlaga plotum.
Geisli platnanna er miklu sterri en geilin milli peirra, a >> d. I ,,E0lisfraedi
2* var reiknad hvers konar segulsvid myndast milli platnanna pegar péttirinn er
hladinn eda pegar hann var tengdur vid ridstraumgjafa. Pa var venjulega vitnad
til timadhadu lausnarinnar og gert rad fyrir ad E = E(t)a, og segulsvid fékkst
i a, stefnu. Hér eru notud sivalningshnit med r melt frd midju péttis, » melt
hornrétt fra annarri plotunni ad hinni og ¢ hornrétt 4 z og r. Nu getum vid séd
ad petta er adeins ndlgun p6 6llum jadarhrifum sé sleppt. Péttirinn er tengdur
vid ridstraumgjafa. Skodum jofnur Maxwells an uppsprettulida fyrir fasora inni
i péttinum.

(a) Gerum rad fyrir pvi ad E = E(r,z)a, og B = B(r, z)a,. Finnid fjor-
ar jofnur fyrir E(r, z) og B(r, z) og synid ad per leyfa ekki lausnina dr
,,BEOlisfraedi 2 nema 1 sértilfelli.

(b) Hvert er petta sér tilfelli og hvenar verdur lausnin ur ,,edlisfredi 2 1éleg
nalgun?

Ekki er bedid um lausn 4 jofnunum og rétt er ad nefna ad par syna ad lausnirnar
eru 6hadar z.

English: Consider a large ideal circular plate capacitor of radius a and plate sep-
aration d << a. In “Physics 2 we calculated the magnetic flux field formed be-
tween the plates when the capacitor was charged or connected to an AC source.
Then we cited the static solution and assumed that E = F(t)a, and the mag-
netic flux field emerged in the a4 direction. Here we use cylinder coordinates
and measure r from the center of the capacitor, z perpendicular from one plate
to the other, and ¢ perpendicular to z and ». Now we can see that this is an
approximation even if we neglect fringing effects at the edges of the plates. The
capacitor is hooked up to an AC source. Condsider the Maxwells equations
without source terms for phasors inside the capacitor.

(a) Assume that E = E(r,z)a, and B = B(r, z)as. Find four equations
for E/(r, z) and B(r, z) and show that they do not admit the solution from
“Physics 2” except as a special case.

(b) What is this special case, and when is the solution from “Physics 2” not a
good approximation?

You do not have to find the solution of the equations, and it is fair to mention
that they do not depend on z.



6. Islenska: Hugsum okkur rafsvarakdlu med einsleita skautun P.

(a) Finnid yfirbordsskautunarhledslu kilunnar py,.

(b) Reiknid skautunarhledsludreifinguna inni { kulunni p,,.

(c) Hvert er rafsvidid { midju kdlunnar?
English: Consider a dielectric sphere with uniform polarization P through its
volume.

(a) Derive its surface polarization charge density py,.

(b) Find the volume polarization charge density p, of the sphere.

(c) Calculate the electric field at the center of the sphere.



