Rafmagn og segull Hateigsskoli

Nagli
Bréfaklemma

60 cm vir — taka 2 cm framan af einangruninni

Vefdu virnum utan um naglann eins pétt og pu getur. Skildu u.p.b. 8 cm eftir i hvorn enda.
Sja mynd 4.2. Leggdu nl endana upp ad sinnhvorum enda rafhlédu (+ og -). Sja mynd 4.3.
Beindu naglanum ad bréfaklemmu og athugadu hvort eitthvad gerist nu. Einhver hreyfing eetti

ad eiga sér stad.

Figm'e 4.2

Athugadu hvort pu hafid breytt naglanum i segul.
Legdu nordur eda sudurpdl seguls upp ad 66rum
hvorum enda naglans og athugadu hvad gerist. Nu
settirdu ad finna annad hvort addrattar- eda
frahrindikrafta.

Festu enda virsins vi® rafhléduna med limbandi (svo
bu purfir ekki ad halda peim) og legdu hvitt blad yfir.
Settu jarnsvarf yfir bladié eins og pu gerdir med

segulinn. Hvernig munstur kemur?

Préfadu lika ad leggja tvo nagla vaféa i vir og tengda
i rafhl6du upp ad hvor 68rum. Sja mynd 4.6. Hafa

, beir ahrif & hvorn annan?

Coils exert a force on each other

Ef virarnir hafa ahrif @ hvorn annan aettum vié ad sja krafta verka a milli virana par sem
rafstraumi hefur veri® hleypt 4. Vid vitum lika a8 virarnir sem eru vaféir a naglann haga sér
eins og segull pegar rafstraumi er hleypt i gegn. Ef vié heféum meiri straum myndi

virvafningurinn verka sem segull an naglans.

You get attraction at one end and repulsion at the other
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Profadu ad fjarleegja virinn af naglanum. Athugadu hvort naglinn hegéar sér enn eins og

segull. Ef svo er skaltu berja naglann til. Athuga hvort hann dragi enn ad sér bréfaklemmur

o.fl. eftir ad pu hefur laminn hann til.

Ef pu taekir litinn segul og myndir berja hann til eins og naglann helduréu ad 6rlég hans yréu

pau sému og naglans?

Hvernig tengjast rafmagn og segull?

Pegar vid skodum likanid fyrir rafmagn og segul kemur i lj6s ad petta er ekkert annad en

rafstraumar. Med 66rum ordum, rafmagn og segull er sama fyrirbzerid!

Hvernig stendur pa a pvi ad allir hlutir hegdi sér
ekki eins og segull par sem allt efni er gert ur
frumeindum? Til ad efni séu segulvirk purfa flestar
rafeindirnar i frumeindinni ad ferdast i sému stefnu

og radast i sému stefnu. Sja mynd 4.8.

| flestum efnum snua frumeindirnar i mismunandi
stefnur. bar af leidandi verdur ekkert Ur pessum

segulahrifum. Sja mynd 4.9.

Reyndar er pad svo ad rafeindirnar fara ekki hringi
i kringum kjarnann. Vié vitum pad af pvi ad ef
rafeindir feeru bara hring eftir hring (eins og jérdin i
kringum sdélina) myndu paer geisla fra sér orku
mjég hratt og falla svo saman inn i kjarnann &
frumeindinni. Ef pad myndi gerast myndi jéréin

falla inn i sjalfa sig @ mjég stuttum tima. En par

Til ad skilja hvernig seglar hegda sér purfum vié ad fara alveg nidur
i frumeindina. Mundu ad paer eru samansettar Ur rafeindum,
réteindum og nifteindum. Ef vié imyndum okkur rafeindir streyma
hringi i kringum kjarna frumeindar hafa peer rafstraum en
rafstraumur er ekkert annad en rafeindir & hreyfingu. Rafstraumur
sem fer i hringi hegdar sér alveg eins og segull eins og vid sjaum a
virnum sem vafinn er um naglann. Hver og ein frumeind hegdar sér

sem sagt eins og segull med sudurpdl og nordurpdl. Sja mynd 4.7.

Figure 4.8
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sem pad hefur ekki gerst er 6haett ad segja ad
rafeindir fara ekki hringi i kringum kjarnann. pad er
i rauninni ekki vitad hvernig rafeindir nakvaemlega
hreyfa sig en pad likan sem Utskyrir pessa
hreyfingu best er ad rafeindirnar hreyfist i einhvers
konar skyi og svo er fundid Ut med steeréfraedi-

legum utreikningum hvar mestu likurnar eru & hvar

rafeindirnar eru.

RE

| varanlegum segli eru radast frumeindirnar pannig ad paer myndi segul og paer haldast

bannig. beim mun fullkomnari sem upprédunin er peim mun sterkari er segullinn. Styrkur

segulsins fer lika segulsteerd einstakra frumeinda. Meiri styrkur, 6flugri segull. Sum efni eiga

erfitt med ad verda segulmégnud og er skyringin su ad segulstyrkur innan frumeinda er mjég

litill eda jafnvel enginn. Sama hversu vel frumeindunum veeri radad upp i akvedna stefnu ad

ba hefdi pad litil eda engin ahrif 4 ad hluturinn yrdi segulmagnadur.

Figure 4.12

Magnetic moments

Magnetic moments line up
in the presence of a magnet

Magnetic moments random
again after magnet is removed

begar pu leggur segulinn upp ad bréfaklemmu radast
frumeindirnar i bréfaklemmunni i sému att og segulinn.
Bréfklemman hegdar sér nu eins og segull. Um leid og pu
tekur segulinn fra fara frumeindirnar aftur i éreglulegar attir.
Sja mynd 4.12.

Af hverju dregur segull ekki hvada hlut sem er ad sér?
Astaedan er st ad annad hvort eru kraftarnir veikir i
frumeindunum eda frumeindirnar radast ekki upp i sému

stefnu.

Pegar vié vefjum vir i hringi og hleypum straumi &
myndast segulsvid eins og pu sast pegar pu dreiféir
jarnsvarfinu yfir. begar virinn er vafinn utan um naglann
hefur segulsvidid ahrif 4 naglann p.e. ad frumeindirnar
radast upp i sému stefnu. Samanlagt aukast ahrifin og
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pvi myndast mun sterkara segulsvid heldur en

ef virinn vaeri an naglans. Sja mynd 4.14.

Ef naglinn er enn segulmagnadur eftir ad hafa
verid fjarleegdur fra virnum er pad vegna pess
ad frumeindirnar halda enn stefnu sinni 6likt

bréfaklemmunum sem breyttu strax um

stefnu. Ef pu berd naglann til pa hristirdu upp i

Magnetic field lines from a nail wrapped in
frumeindunum og peer eru aftur komnar i a coil carrying an electrical current

oreglulega stefnu. Pad sama myndi gerast ef pu teekir varanlegan segul og lemdir hann til.
Pu getur lika eydilagt segul med pvi ad hita hann. Varminn kemur frumeindunum a meiri
hreyfingu og ruglar pvi stefnu peirra. En pad er alltaf méguleiki & ad laga segulinn med pvi ad

setja hann i mj6ég sterkt segulsvid.

begar vié skodudum segul sem buid var ad taka i sundur saum vid ad segullinn haféi enn
sudur- og nordurpdl. Nu pegar vié attum okkur a pvi ad i segli er hver og ein frumeind segull
sjaum vid af hverju vid getum aldrei einangrad pélana. bad pyrfti ad taka frumeindina i
sundur til ad fa eingdngu sudur- eda nordurpdl. bad hefur engum tekist ad einangra pél
jafnvel med pé svo ménnum hafi tekist ad taka frumeind i sundur. Ef pér tekst ad einangra

poél bida nébelsverdlaunin eftir pér ;)

]?‘igm'e 4.13

Magnetic field lines from a coil careying an electrical current



You can create your own compass without much trouble. Get a sewing needle,
a cork, a pan of water, and a bar magnet. Slowly stroke the needle with the
magnet, making sure you always use either the north or south pole of the
magnet only and that you stroke in the same direction. This causes the
magnetic moments in the needle to line up in one direction, so that the
needle itself is now a magnet. Then place the needle on top of the cork and
place the cork in the pan of water so it floats. The needle will now rotate
until it’s lined up with the Earth’s magnetic field.

You already know that the Earth has its own magnetic field, but did you
know that the direction of the Earth’s magnetic field has changed in the
past? In other words, what now is the Earth’s north magnetic pole used to
be the Earth’s south magnetic. How do we know that? We have to combine
a bit of Earth science with what we know about magnetism. One of the best
accepted models in Earth science is that of plate tectonics, which basically
says that large plates in the Earth’s crust slowly move across one another
and into one another. One part of this model is that there are places in the

ocean where new crust is created and Figure 4.28
then spreads out in different direc-
tions. This is called, strangely enough,

“sea floor spreading.” If you take
samples from the ocean floor lead-
ing away from one of the places
where the floor is spreading, you will
find materials that are magnetized
in one direction, then another, as
shown in Figure 4.28. The interpre-
tation of these results is that the
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Place where oeean floor is spreading

11537

during formation, have been magne-
tized by the Earth’s magnetic field.
Because the direction of magnetiza-
tion abruptly changes, we infer that
the direction of the Earth’s magnetic
field changed abruptly in the past,
and has done so as many as 25 times.
And no, we don’t understand the
mechanism behind these reversals.
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Many kinds of metal will become magnetized when you place them in a
magnetic field for a long period of time. Screwdrivers often become magne-
tized and will attract screws when you use them to work on automobiles,
because car engines contain strong magnets. A less obvious example is that
metal filing cabinets left in one place in a room for a while become magne-
tized. To see that this is true, find a filing cabinet that’s been in the same
place for a long time. Place a compass near one of the bottom corners of the
cabinet, and slowly move the compass up, along the edge, to the top of the
cabinet. The compass will rotate through 180 degrees as you do this, indicat-
ing that the filing cabinet is magnetized, with a north and south pole. Why
is this the case? Because over a long period of time, the magnetic moments
in the metal have lined up with the Earth’s magnetic field, leaving the cabi-
net itself magnetized.

Direction of
magnetization



The Earth has a natural light show known as the aurora borealis, or north-
ern lights. This light show occurs in the northern latitudes during periods
of increased solar activity. Here’s what happens. At times the Sun has big ol
storms that send out a stream of charged particles toward the Earth. When
these charged particles reach the Earth’s magnetic field, they feel a force.
The nature of this force (due to that strange thing called a cross product and
that trick called the right-hand rule) is that charged particles moving parallel

to the magnetic field lines don’t feel any force, and those moving perpen-
dicular to the field lines feel a force that makes them move in circles. The
end result is that the charged particles from the Sun spiral in along the
Earth’s magnetic field lines. Because of the shape of these lines, the par-
ticles are funneled in toward the north and south magnetic poles of the
Earth. When these particles interact with the Earth’s atmosphere, they pro-
duce all sorts of pretty colors in the sky. So, we get light shows near both the
North and South Poles. Uh yeah, I guess that means there are southern
lights as well as northern lights!

&. Sometimes it’s nice to be able to turn a magnet on and
off. One example is when using a magnet on a crane to
lift scrap metal from one place and deposit it in another
place. To let the scrap metal drop, you need to turn the
magnet off. That’s easy to do if you use an electromagnet,
which is basically what you created with your nail and coil
of wire. If you use a coil of wire with an iron center as
your magnet, all you have to do is cut off the electricity to
turn off the magnet.



