Haskoli Islands
Raunvisindadeild
Namsbraut i edlisfraeoi

RAF402G Rafsegulfraeoi

Pridjudaginn 28. april 2015, kl. 09:00-12:00. Kennarar: Vidar Gudmundsson og
Kristinn Andersen.

Leyfileg hjalpargogn eru skriffeeri, vasareiknivél, og kennslubékin: ,,Field and
Wave Electromagnetics* eftir David K. Cheng asamt nétum kennara og

nemanda.

[ préfinu eru 5 verkefni sem 61l vega jafnt. Skrifid skyrt og greinilega allar ut-
leidslur med hnitmidudum stuttum skyringum par sem pad 4 vid. Oll verkefnin eru
16g0 fyrir 4 islensku og ensku.

1. Islenska:

(a)

(b)

Hugsum okkur skilflét tvenns konar efnis. I rafstédufradi hofum vid notad
V x E = 0 til pess ad leida tut ad pattur rafsvidsins samsida skilfletinum sé
samfelldur vid hann. I rafsegulfradi gildir hins vegar ad V x E = —9,B,
16gmal Faradays. Hvernig getum vid enn krafist ad pattur rafsvidsins sam-
sida skilfletinum sé samfelldur vid hann { rafsegulfredi?

I rafsegulfraedi eru leiddar tt bylgjujofnur fyrir meettin A og V. Synid ad {
seinkudu lausnum beirra er seinkunin had efninu sem rafsegulbylgjan berst
um.

English:

(a)

(b)

Imagine the interface of two different materials. In electrostatics we have
used V x E = 0 to derive that the component of the electric field parallel
to the interface must be continuous across it. In electordynamics we have
instead the Faraday law V x E = —0,B. How can we still request the
component of the electric field parallel to the interface to be continuous in
electrodynamics?

In electrodynamics we derive wave equations for the potentials A and V.
Show that in the retarded solutions the retardation depends on the material
the electromagnetic wave propagates through.



2. Islenska: Orsmau raftviskauti med vaegl p = poa, er komid fyrir { midju kulu-
laga holrtiimi med geisla a { stérum jardbundnum kjorleidara.
(a) Tilgreinid jadarskilyrdi rafstodumettisins 1 holriminu.
(b) Finnid rafstodumettid innan holrimsins.
(c) Finnid yfirbordshledsludreifinguna sem skautast 4 vegg holrimsins.
(d) Hver er heildaryfirbordshledslan?

(e) Hvert er tviskautsvagi yfirbordshledslunnar?

English: Microscopic electrical dipole with momentum p = ppa, is placed at
the center of a spherical cavity with radius a in a large ideal grounded conductor.

(a) State the boundary conditions for the electrostatic potential in the cavity.
(b) Find the electrostatic potential inside the cavity.
(c) Find the surface charge density polarized on the wall of the cavity.

(d) What is the total surface charge?

(e) What is the dipole momentum of the surface charge density?



3. Islenska: Flatur leidari samsida z-y-sléttunni med z-hnit takmarkad milli z =
—a og z = a ber frjélsan straumpéttleika J = Jpa,. Leidarinn er med segulvid-
tak v, = 0. Utan leidarans er linulega seglandi efni med vidtak x,, # 0. Finnid
alls stadar H, B, M og jafngilda seglunarstrauma.

English: Flat conductor parallel to the x-y-plane with z-coordinates restricted
between z = —a and z = a carries a free current density J = Jya,. The
conductor has magnetic susceptibility x,,, = 0. Outside the conductor is a linear
magnetic material with susceptibility x,, # 0. Find everywhere H, B, M and
the equivalent magnetization currents.

4. Islenska: Samdasakapall er gerdur pannig ad milli midleidarans og ytri skeljar-
innar er rafsvarandi efni. Rafsvarinn er einangrandi nema sneid med hornid « er
med edlisleidnina o. Finnid leidni kapalsins 4 lengdareiningu.

English: Coaxial cable is made with a dielectric filling the cavity between the
central conductor and the outer conducting shell. The dielectric is insulating ex-
cept for a slice with the angle « that has the conductivity ¢. Find the conductance
of the cable per unit length.
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Daemi tur merkjalinum (Cheng, 9. kafla) - vorprof mai 2015

islenska: Merkjalina er tapslaus og hefur kennividnamid Z, = 50 Q, sem er raunvidnam. Gerum
ennfremur rad fyrir bylgjuhradi eftir linunni sé jafn hrada ljéssins, 3-10° m/s. Lengd linunnar er L = 30 m.

a)

Vid annan enda linunnar er 50 V jafnspennugjafi sem tengja ma linunni gegnum 200 Q vidnam.
NuU er jafnspennugjafinn tengdur linunni gegnum vidnamid vid timann t=0 en rofinn aftur fra
linunni 40 nanésekdndum sidar og pannig berst 40 ns spennupdls inn & linuna. Hinn endi linunnar
er tengdur 200 Q vidnami. Rissid dreifingu spennu eftir lengd linunnar, p.e. teiknid grof sem syna
spennuna V a linunni sem fall af fjarleegdinni z fra jafnspennugjafanum, vid eftirfarandi fjéra
timapunkta:

t = 80 nandsekindur (80-107 sek), 110 nandsekindur, 280 nandsekdndur, 1 minata.

NU er jafnspennugjafinn med vidnaminu fjarlaegdur en sendir tengdur vid linuna. Jafnframt er
200 Q vidnamid fjarlaegt fra hinum enda linunnar og par er tengt loftnet med 6pekkt samvidnam.
Tidni sendisins er 7,5 MHz. Maelitaeki sem meelir standbylgjuhlutfall synir S = 3,0. begar spenna
yfir linuna er meeld eftir pvi sem fjaer dregur loftnetinu naer hin fyrsta hamarki 5 m fra loftnetinu.
Finnid eftirfarandi gildi med Smith korti og merkid inn a kortia:

Zsm [Q ], samvidnam inn i linuna par sem spennuhamarkid er.
Zantenna [Q ], samvidnam loftnetsins.
Ziransmiter [Q 1, SamMvidnamid sem verdur fyrir sendinum inn i linuna.

English: A transmission line is lossless and has the characteristic impedance Z, = 50 Q, 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 lineis L =30 m.

(a)

A 50 V DC voltage source is connected to one end of the line through a 200 Q resistor. The DC
voltage source is connected to the line through the resistor at time t=0 and disconnected again
from the line 40 nanoseconds later, and thus a 40 ns voltage pulse propagates along the line. The
other end of the line is connected to a 200 Q resistor. Sketch the distribution of the voltage along
the line, i.e. draw graphs showing the voltage V on the line as a function of the distance z from
the DC voltage source, at the following four time instances:

t = 80 nanoseconds (80-107 sec), 110 nanoseconds, 2800 nanoseconds, 1 minute.

Now the DC voltage source is removed and a transmitter is connected to the end of the line.
Furthermore, the 200 Q resistor is removed from the other end of the line, where an antenna
with an unknown impedance is now connected. The transmitter frequency is 7,5 MHz. A meter
measuring the standing wave ratio shows S = 3,0. The voltage across the line is measured at an
increasing distance from the antenna and it reaches its first maximum at the distance 5 m from
the antenna. Find the following values with a Smith chart and mark on the chart:

Zsn [Q 1, the impedance into the line where the voltage maximum occurs.
Zantenna [Q 1, the impedance of the antenna.
Ziansmitter LQ ], the impedance presented to the transmitter into the line.
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