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5.2 Diamagnetische Festkorper

Einfachster Fall: Atome, bzw. Festkorper aus Atomen mit vollstindig
gefiillten e -Schalen
— Erwartungswerte fiir Spin und Bahndrehimpuls =0
(sonst iiberdeckt von Para-/Ferromagnetismus)

gilt z.B. fiir :

- Edelgase (auch Edelgas-Kristalle, da Van-der-Waals-Bindung die e~ -
Konfiguration der freien Atome nur unwesentlich verédndert)

- Ionenkristalle der Alkali- und Erdalkalihalogenide (z.B. NaCl)
bilden abgeschlossene Schalen mit Edelgaskonfiguration infolge Ladungstransfer
von Metall- — Halogenatomen)

Ursache: Prizessionsbewegung der einzelnen atomaren Bahnmomente
um das angelegte Feld
— Abschwéchung eines dufleren Magnetfeldes
(analog Lenzscher Regel fiir Induktionsstrome)

weiterer moglicher Beitrag: freie e~ — Diamagnetismus der Leitungselektronen (s. spéter)

zunéchst: nur Beitrag der (lokalisierten) Gitterbausteine — gute Beschreibung fiir
Isolatoren

Quantitative Behandlung — nach Langevin
auf Basis des Bohrschen Atommodels:

Grundlage — Larmor-Theorem (zunéchst fiir einzelne Atome):

Fiir B = (0,0, B,) prazediert Elektronenbahn um Z mit der Larmor-Frequenz

eB
=7 5.12
W= (5.12)
Konsequenz:
Larmor-Prazession von Z Elektronen = elektrischer Strom
I = (Ladung) (Umlaufe, Zeit) = —(Ze) [ <5 (5.13)
= (Ladun mlaufe/Zeit) = —(Ze) | —— .
& 21 2m
entspricht einem magnetischen Moment (Strom x Fliche A mit Bahnradius p)
Ze’B
i=1Aé,=— e, 14
= i é 1 Te)e (5.14)

mit dem mittleren Abstandsquadrat (0?) = (z?) 4+ (y?) des e~ L Feldachse durch
Kern.

Bei kugelsymmetrischer Ladungsverteilung gilt (z?) = (y*) = (2?) und somit fiir
das mittlere Abstandsquadrat (r?) = (z?) + (y*) + (2?) der e~ vom Kern

(r®) = 5 (0" (5.15)
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Eingesetzt in (5.14) liefert fiir den Betrag des magnetischen Moments in z-Richtung
Ze*B

- (r?) (5.16)

==
Mit M = p- N und mit Xgiq = Xaia/(1 + Xdaia) = poM /B folgt dann fiir die diamagne-
tische Suszeptibilitdt (pro Volumeneinheit) die Langevin-Gleichung;:

poN Ze?
6m

HolN
B

XDia = = (r?) (5.17)

(N: Zahl der Atome pro Volumen)

Bemerkungen:

e Berechnung von x beschrinkt sich also auf die (quantenmechanische) Berechnung
von (r?) fiir die e”-Verteilung des Atoms

e x x (r?) = vor allem #uflere Bahnen liefern Beitrag zu Diamagnetismus
z.B. d-Elektronen bei den diamagnetischen Edelmetallen
Ag, Au und Cu, sowie bei Pb

e Experiment +10%
(Fiir Edelgase, dielektrische Festkorper (Isolatoren),
d.h. Alkalimetalle und Halogenide in Ionenkristallen)

Abweichungen durch Beitrage der Leitungselektronen — komplizierter
e Typische Werte fiir ypija: —107%... — 1076
(vgl: x = —1 in Supraleitern !)
- Molsuszeptibilitiit y; in cm®/mol: xr = x/n, mit n=mol/cm?
oder bezogen auf Dichte o —
- spezifische Suszeptibilitit ys = x/o
aus einfacher Abschiitzung mit (r?) ~ r% in (5.17)

3
~ 4 x 107720 (5.18)

g

Xs =

Tabelle 5.1: gemessene Molsuszeptibilitdten yj; und spezifische Suszeptibilitdten
laus Kittel, Einfihrung in die Festkorperphysik (1999); S. 446 und Weissmantel, Ha-
mann, Grundlagen der Festkorperphysik (1978); Tab.10.1]
He Ne Ar Kr Xe H, N, H,0O
Xor [0 %cm®/Mol]  -1.9 7.2 -104 280 -43.0
Xs [105cm®/g] -0.59 -0.45 -0.61 25 054 -0.905

® XDia ist unabhingig von der Temperatur (s. Abb.5.3)
e rigorose quantenmechanische Betrachtung liefert gleiches Ergebnis

e Diamagnete konnen in externen Feldern schweben (Bzw. Feldgradienten)
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Quantenmechanische Theorie des Diamagnetismus
Betrachte mononukleares System Z = 1

Hamilton-Operator (HV = EWV) eines Teilchens im Magnetfeld
1 N2
(m: Masse, p* Impuls = ihﬁ, e: Ladung, A: Vektorpotential, (é = rotff),

©: elektrostatisches Potential)

d.h. das Magnetfeld erzeugt im Hamilton-Operator die zusétzlichen Terme

H = (v A+ A, v) + —A2 (5.20)

2m

Diese konnen fiir ein Atomelektron gewohnlich als kleine Storung behandelt werden.

Fiir homogenes Magnetfeld in z-Richtung gilt
1 1
Damit wird aus (5.20)

H =

iehB 0 0 e*B? ,
( ay y@a:) m (* 4+ y%) (5.22)

oL,

4dm

auf rechter Seite von (5.22):

— linker Term:
proportional zu L, (z-Komponenten des Bahndrehimpulses L = m7” x ¢/)
liefert in mononuklearen Systemen nur paramagnetischen Beitrag

— rechter Term:
Energie aus Losung der Schrodinger-Gleichung: E' < E, d.h. "kleine Stérung”

fiir ein kugelsysmmetrisches System folgt aus Stérungstheorie 1. Ordnung ein

Beitrag
e? B2
E = 2 2
) (5.23)
Mit E' = —uB ist das zugehorige magnetische Moment diamagnetisch
dE’ e? B2
- _ - _ 5.24
p=—— o () (5.24)

in Ubereinstimmung mit dem klassischen Ergebnis.
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Levitation:
Kraft im inhomogenen Magnetfeld
F=[avVB=MVVB (5.25)
(hier ist o die Summe aller magn. Momente, und V' das Probenvolumen)
mit M = %é und VB? = 2BV E gilt dann
xV

F=2vBvE=2X'vp? (5.26)
Ho Mo 2

Bedingung: Kompensation durch Schwerkraft Fy, = F, = mg = oVg
(o: Dichte der Probe)
ergibt
VB? = 2#09% (5.27)

Pem?/g

= erfordert vertikalen Feldgradienten VB? & 25T?/cm
Mit VB? ~ B?/l und [ ~ 10 cm fiir typische Hochfeld-Spulen
= B~ (10cm - 25T?/cm)/? ~ 15T erforderlich !!

Typische Werte fiir x/o ~ 10~

Abb. 5.5: Levitating Nuts - experimental setup: The object, in this case a hazelnut (inset), is
placed in the 3.2 cm bore of a 20 T Bitter magnet. When the field in the center is about 16 T,
the magnet gradients at the levitation point (near the top of the inner coil) are just right to
cancel the pull of gravity at the molecular level in this manifestly nonmagnetictbject. There,
the applied field is about 10 T and the nut becomes a weak magnet, having an induced field
of about one gauss. This implies a surprisingly large current (about one amp) circulating in
the nuts shell, but the current represents the summation of induced microscopic currents in
atoms and is not dissipative. Thus, living creatures are not electrocuted when levitating. [aus
Andrey Geim, Physics Today September 1998].

laus http://www.sci.kun.nl/hfml/levitation-pubres.html |
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INCORPORATING THE ONE TRUE CHAPEL OF HERPETOLOGY

Professor Main,
The Physics Department.,
The University of Nottingham.

14 April, 1997.

Dear Professor Main,

I and my closest associates who are good eggs in Lhe Church of Lhe Laller Day
Snakes were very fascinated to read a reporting of your experimenl wilh a
powerful magnet and a frog in The Independent, of Saturday, 12 April, 1987.
You claim that you are able Lo levilate a frog and even fish and plants too
by means of your machine. We in the church are not scientists, we follow the
spiritual palh, and so do not understand this business. Does it work, or is
il merely just hokum and bollocks? Please do not think I am rude when T ask
Lhis question, but you know there are many charlatans and those who scll snake
0il, like in the Joln Wayne film.

Ve have a big interest in this machine if it works and I will tell vou this
subsequently, but first I would like to know certain answers.

(1) How big is this magnet, and can it be concealed beneath a floor, perhaps?
It is important for our ideas that it can not be seen. Will it work if
therc is wood there? And the floor nmails. Will they mess up the magnet?

(2) Does it make much noise, and if so is it a loud noise? A quiet hum would
be alright of course because we have a Hammond organ.

(3) We are interested naturally in levitating bodies. Must they be naked
bodies, or ecan they have clothings? You say they would have to be lying
down but that would be alright at a pinch.

(3a)Does it hurt, and can you bring the body back down wilhoul damages,
because it will be me doing the levitating, I am quile large being 22
stone weight, but my mother says I have heavy bones! No, jokings put
aside, most of me is liguid I think and I am not very dense so maybe that
is good for your machine.

Please answer me first these questions and then you are my friend. I must
trust you firsl before we do business. For you, you must be interested to know
thal our church is very rich. We have nearly twenty five million pounds in
gill edge securities and properties in Essex and Kent, so if everything 1s
good we want to buy your machine for one million pounds, which would be a good
price.
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So you know whal 1 bave in mind 1 will explain a little perhaps .

Our church was founded in 1805 by Al fred Muzzlewhite, but after he died i1t was
not the same and in 1950's it all went belly-up. The good news was Lhat al |
the money was slill in the banks. Tn 1995 T am coming from Norway and 1 make
the church go again. We have many followers in Wiltshire, but we want many
more in all Britain. Funny, hah? We have all this money, and we have the One
True Word to save the world, bul we have to do magic tricks to get the peoples
to listen! But this is why we need your machine.

I hope you don't have a problem with that. L know in our chureh services if
we pull back the curtain in the Snake Chamber and I slart to rise up from the
ground and then (slowly and gently!) come back down again T will get many more
to join the church, so this will we very good and explains to vou my plans.
11 1s important if we do Lhis deal that you do not tell anyone of course. But
a million pounds buys a lot of hush-hush, as James UCagney says in his film,
although Lhen for him it was dollars.

I have only one other question. | have been reading in The Times aboul Lhe
Natural Law Party and they also do levilaling. T wonder have they bLeen in
touches with you as well? When we are partners perhaps you can tell me. Please
de not sell Lhem &2 machine. They are very bonkers and very dangerous Lo baot .

And also. It says in the newspaper that you will be using the machine to test
chemicals and systems in space. You must not be doing Lhis! Science. PAHI! You
have a gift. Many are called but few are chusen. Your machine must be used for
Gant

p.s. I am interested also to write to your friemd at the University of
Ni jmegen Andre Geim beecause it was his idea first, although I cannol give you
a million pounds each! When is he in Bradford on Avon, or can I visit him in
Halland? Or can you give me his address so I can write to him?

I look forward to your early responses,

Olaf Van Haarve, - u\
The Snakehead. (’{)

I put in five pounds for you Professor Main as good faith. OFf course I would
like a receipt please but you ean put in "petrol” or "stationary"” or whalever
is good for vou. This is only the start.

S aﬁ;ﬁiﬂﬁb 114

2 iy

[aus http://www.sci.kun.nl/hfml/levitation-pubres.html |



