


Chovani maghetu
v hehomogennim magnetickém poli
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Dielektrikum
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Dielektrika

Rozlozeni elektront — elektricky dipdl

Polarni dielektrika

Nepolarni dielektrika
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Magnetikum




Magnetika

Pohyb elektrond — magneticky dipdl
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Pole v latce I




Magnetické dipdly v latce:

orbitdlni moment hybnosti elektront

spin elektront /







Skutecnost 1

orbitalni moment hybnosti elektronu
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Skutecnost 2 /

spin elektronu
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Otto Stern and Walther Gerlach,
Frankfurt, Germany, 1922




Sternuv - Gerlachuv experiment (1922)
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Magnetismus
a

elektrony a protony

Tabulka 29.2 Nékteré magnetické
dipolové momenty

- w r j
Maly tyCovy magnet SA-m*

Zemé 8,0-10* A-m*
Proton 1,4-107%° A-m?
Elektron 9.3.10-24 A.m2




Magnetické dipoly v latce
orbitdlni a spinové magnetické momenty elektron

se sklddaji

magheticky moment atomu/latky

klasifikace latek (magnetik)

MAGNETIKUM




is a kind of magnetism characteristic of materials that partly expel from
their interior the magnetic field in which they are placed. First observed
by S. J. Brugmans (1778) in bismuth and antimony; diamagnetism was named
and studied by Michael Faraday (beginning in 1845). He and subsequent
experimenters found that some elements and most
compounds exhibit this "negative" magnetism.

Indeed, all substances are diamagnetic: the strong external magnetic field
speeds up or slows down the electrons orbiting in atoms in such a way as to
oppose the action of the external field in accordance with Lenz's law.
The diamaghetism of some materials, however, is masked either by a weak
magnetic attraction (paramagnetism) or a very strong attraction
(ferromagnetism).

Diamagnetism is observable in substances with symmetric electronic
structure (as ionic crystals and rare gases) and no permanent magnetic
moment. Diamagnetism is not affected by changes in temperature. For
diamagnetic materials the value of the susceptibility (a measure of the
relative amount of induced magnetism) is always negative and typically near
negative one-millionth.




DIAMAGNETIKA




is a kind of magnetism characteristic of materials weakly attracted by a
strong magnet, named and extensively investigated by the British scientist
Michael Faraday beginning in 1845. Most elements and some compounds are

paramaghetic. Strong paramagnetism (not to be confused with the
ferromagnetism of the elements iron, cobalt, nickel, and other alloys) is exhibited
by compounds containing iron, palladium, platinum, and the rare-earth elements

(lanthanides and actinides). In such compounds atoms of these elements

have some inner electron shells that are incomplete. Their unpaired electrons’
spin and orbital magnetic moments make the atoms a permanent magnet tending
to align with and hence strengthen an applied magnetic field. Strong
paramagnetism decreases with rising femperature because of the re-alignment
produced by the greater random motion of the atomic magnefts.

Weak paramagnetism is found in many metallic elements in the solid state, such as
sodium and the other alkali metals, because an applied magnetic field affects the
spin of some of the loosely bound conduction electrons. The value of
susceptibility (a measure of the relative amount of induced magnetism) for
paramaghetic materials is always positive and at room temperature is typically
about 1/100,000 to 1/10,000 for weakly paramagnetic substances and about
1/10,000 to 1/100 for strongly paramagnetic substances.




PARAMAGNETIKA

(siran chromito-draselny)

| Curieuv
zakon

® | 30K
e2 (00K
®3 00K
®421K
== cyantova teorie

2,0 3,0
Bext/T (T-K™)

ext

(Curietv zakon).

k, =1.38.1023 J/K




FEROMAGNETIKA

magneticke domeny

hystereze
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TABLE 30.2 Magnetic Susceptibilities of Some Paramagnetic
and Diamagnetic Substances at 300 K

Paramagnetic
Substance

X

Diamagnetic
Substance

Aluminum
Calcium
Chromium
Lithiun
Magnegui
Niobigh
Oxygen (STP
Platinum
Tungsten

9.3 X 105
1.9 X 105
27 ¥ 10=
> 10~
10~
2.6 X 10
921 X 106

29 X 101
6.8 X 105

Bismuth
Copper

Nitrogen (STP)

Silver
Silicon
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Chovdni magnetik |
v hehomogennim magnetickém poli

Diamagnetic
material
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M
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FIGURE 32-3 Diamagnetic substances FIGURE 32-4 Paramagnetic substances
are repelled by one pole of a nearby bar are attracted to one pole of a nearby bar
magnet. magnet.
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Chovdni magnetik
v hehomogennim magnetickém poli

DIAMAGNETICKA LATKA

je vytlacovana z pole ven

PARAMAGNETICKA LATKA
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DIELEKTRIKUM
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FGURE 26.14 The nonuniform electric field near the edges of a parallel-plate capacitor
causes a dielectric to be pulled into the capacitor. Note that the field acts on the induced
surface charges on the dielectric that are nonuniformly distributed.
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FIGURE 28-23 Solenoid used as
a doorbell.




Pole v latce III

Pole na rozhrani dvou prostredi
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9. V usporadani podle obr. 32.22 je mezi dvéma poly magnetu
nehomogenni magnetické pole. Do tohoto pole vleti elektron
kolmo do roviny stranky v misté teCky. Kam sméfuje sila ptiso-
bici na elektron vyvolana interakci jeho spinu s polem (smérem
vlevo, napravo, nebo je nulova), je-li primét spinu elektronu S,

orientovan (a) nalevo, (b) napravo? (7ip: Elektron modelujte
kulickou se zapornym nabojem na povrchu, takze predstavuje
proudovou smycku podobné jako na obr. 32.9.)

>.>s

Obr. 32.22 Otazka 9




16U. Obr. 32.30 predstavuje energiové spektrum; na svislou osu
vynasime energioveé hladiny atomu (jako v obr. 8.17). V nepri-
tomnosti pole ma atom dvé hladiny Ey a E» (obr. 32.30a). Je-li
atom umistén do magnetického pole 0,50 T, energiové spektrum
se zmeéni tak, jak ukazuje obr. 32.30b. (Zanedbejte spinovy mag-
neticky moment a uvazujte pouze potencialni energii gor - B.)
Hladina £ se nezméni, ale hladina £7 se rozs$tépi na trojici bliz-
kych hladin. Jaké jsou hodnoty m; spojené s energiovou hladinou
(a) Eq a (b) E2? (¢) Jaka je vzdajemna vzddlenost energiovych
hladin v tripletu na obr. 32.30b?

(a) B=0 (h) B=0,50T
Obr. 32.30 Uloha 16




Na zaver...

Jadernad magneticka rez

1,80 T

= 2#723 = 76.6 MHz
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6 6 3 10_34 J S Obr. 41.13 Pricny rez lidskou hlavou vytvoreny technikou
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MRI. N¢které ze zobrazenych detaili neni mozné ziskat ani

pii pouziti nejmodernéj$iho rentgenového tomografu CT (z an-
glického computerized tomography).




.. a ha zacatek nového

A small permanent magnet
floats freely above a ceramic
disk of the superconductor

YBa,CugOy cooled by liquid
nitrogen at 77 K. The super-
conductor has zero electric

resistance at temperatures
below 92 K and expels any
applied magnetic field.
(D.O.E./Science Source/Photo
Researchers)




