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Elektron magneses térben

L= 2mv + quA(r(), ©) — a6(e(1)

g2y oy
dt \ dv; arj_

Mozgésegyenlet

gy
d oA, 96
—[mv; + qA;(r(1), )] — qui — =0
dt[mvj + qA;(r(t), t)] — qv, ar; +q8rj
OA; 9A; oA, 96
. ; — qv; 99 _9
Mt A T iy T Yo T Yo,

Groma Istvén, ELTE Kondenzilt anyagok fizikdja, Magnesség 2/29



Elektron magneses térben

maj+ q (Aj + g—‘,f) + qvi (
-E —-xB

Kanonikus impulzus

oL
pj =5 =mv+aA;
9v;j

Hamilton fliggvény
1 2
H=vipi — L= ——(p—qA)" +q¢
2m

Elektronra

H=—(p+eA)? —es

2me
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Einstein—de Haas kisérlet

M=IA=Ir’r = envqr27r
N = mvr2zmrgn
M e

N 2m
Owen Willans Richardson 1908
Einstein és de Haas 1915
John Quincy Stewart 1918

.
M_ e,y
N 2m
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Elektron magneses térben

agneses térben

A= 1B X r
A=5Bxr
ekkor
B =rotA, divA=0
Ekkor H
1, e e - 5
H=—p"+ —p(Bxr)+ —(Bxr)
2me 2me — 8me
Atirhaté
1 5 e e o Py
H=—p°+ —B(rxp)+ —(Bxr)
2me 2me = 8me

Felhaszndlva, hogy L=r X p = I,
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Elektron magneses térben

He Y 2By ©Bp
= r
2me P Hei= 8me -t

ahol

_ he
HB = 2me

a Bohr magnetron
Ha van spin is

2
e —,
H= 2 / B B?r?
2mep + ug(l + ges)B + B rh

ahol ge = 2
Sok elektronra

1 e .
H = = p? /. VB + —B22 .
E'_ {2mep, +us(l; + ges;)B + gm. D LLi
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Magnesség

_E(B)

by L Sme 5T
T v __E(B)

e *gT

Bevezetve

Mivel egy dipdl energidja

E,-:—m,-B
dE; i
dF _keTXigge 7 _ .
dB ~ ksT . -&6B
e k8T

i
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Magnesség

1 dF
VvV dB

( M ,)
X =~ X=HoX
B=0 dH’

Szuszceptibilitas

,_ M
dB
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Diamagnesség

&2 B2'ii
Fir=—kgTlIn Ze 8me kgT

1
Kis tér esetén csak az alapéllapotot tekintve
2
e
A~ —B2<r? >
8me +

N elektronra

e2
FgNs—B2 <>

Mme
Innen
Yo & N>
4m, %

Mivel gombszimmetrikus esetre < ri >= % <r?>
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Diamagnesség

ahol < r2 >~ a0
igy
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Paramagnesség

atdreset, “valahonnan van egy magneses momentum” u

1B

T uB
7= e“BTdQ:27r/ efsT % sinodo
0

1 uB _ wB

2B kp T e*6T —e k8T

Z:27r/ efBT "dx — 4p 2 €7 T 7
1 uB 2

k
z=arkeT g (1B
uB kg T

F = —kgThn |4r L sh ﬁ)
uB kg T

Innen
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Paramagnesség

2R2
Fo_nYB
6kg T

X Mo M2
6kg T

Langevin fiiggvény
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Paramagnesség

pe(l + geS) = pegsd

H=ppgyJ.B, Jr=—J..J

2J 41 eset

J
Z = Z e~ BEog—BesnplzB
y—

z —BEy oBeynplB e Peune(/E 1
=e e
e—BgymeB 1
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Paramagnesség

sE eBeins(J+3)B _ o—Besup(J+3)B
Z=e PR0

ePesns % _ e Besrs %

_ e_/BEO sh (ﬁgJ:u/B(JJ’_ %)B)

‘ sh (Besns )

Mdégnesezettség

1 dF

=——— = JB JB
v aB -~ "eme (Bgs1IB)

Brillouin fiiggvény

B,(x) = 2/ + 1cth (2J * 1x> - icth (ix)
2J 2J 2J 2J

B% (x) = th(x)
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Paramagnesség

B_](X) ~ — =

gfu%J(J—l— 1)

X = O T
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Ferromagnesség

Degree of
magnetization
(BorM)

y _

Saturation

Saturation

Strength of
magnetic
field (H)
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Ferromagnesség

Groma Istvan, ELTE

Degree of
magnetization
(BorM)

Saturation

Strength of

magnetic
‘ o
Saturation
——
Large
Coercive Force
H

“Soft” Ferromagnetic “Hard” Ferromagnetic
erial Material
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Ferromagnesség

Magnetized

Unmagnetized

Antiferromagnesség

RN

I SRR

A



Ferromagnesség
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Ferromagnesség

Atlagtér elmélet

Ha H=0

Groma Istvan, ELTE

gipsd
M = JB B
reas,(£2525)

Befr = poH + AM

J
M = ngugJB, (A%M)
ke T

1,

",

o

t
¢ ! 8 3 Mg T
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Ferromagnesség

dBy _J+1
dx | 3J
Kritikus pont
J+1 1
2.2 12
n, JAN—— =
8B 3 kgTe
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Ferromagnesség

aramagneses x

gipsd
H+ M) | —=
ke T (moH + ) 3

J+1
M = ng ugJ 7

2pdJ(J+1
ngJ"LB( +1) o H+kBTc

M = M
3 kg T kg T
Innen
2u2J(J+1
M:ngJHB ( + )#OH
3(T —Te)

Szuszceptibilitds T, folott

. EirpdJ+ n,
(T—To) °
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Ferromagnesség

tség T alatt. A

J
M = ngyugJB, ( NEHEZ M
ke T

egyenlet megoldasa sorfejtéssel

2uZ2J(J+1 kg T,
M:ngJ/J'Bi(—i—)ﬂH_‘_ B M+ AM3
3 kg T kg T
ha H=0.
kg T,
M=-Bm4+ AM3
ke T
Innen
Mo (Te — T)?
Ha T=T.

M o H3
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Landau elmélet

gikus F(M) reldcié ami M <— —M invaridns
F B(T
= + A(T)M? + %M“

T>T_¢

T<T_c

A(T) =a(T — T¢), B = const > 0
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Landau elmélet

— =0, 2A(T)M+2BM?=0

Innen a minimumok

= [ AT
B

igy
Mx/Te—T

Ha van mdgneses tér

F B
v = P+ ATIM? + —M* — jigMH

dF
— =0, 2A(T)M +2BM3 — jjgH =0
dM (7 Ko
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Landau elmélet

M= o H
2a(T — Te)
igy
__ Mo
X T 2T - T
T. alatt
2A(T)M 4 2BM3 = poH
Derivélva
dM
2A(T)— + 6BM?> —
( ) + an = Mo
Mivel M2 = —A(T)/B
Ho Ho

XM= T0AT) " aa(Tc—T)
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Landau elmélet

M o H3
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Skalatorvények

C(M o |T=Te| ™ |a=0

X(T)oc [T =Te|™7 | y=1

M(T) < |Te=T1P | B=3
M(H)  H/¢ §=3
Skalatorvények
a+2B+y=2
v=8(6-1)
Szabadenergia skalazas
T-Tc

F(Art,A\2H) = A\F(t, H), t=

Tc
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Ginzburg-Landau elmélet

extra energidjanak figyelembe vétele
B(T
F= F0+/{ T)M? + (2 ) m* 4 12a (v/\//)z]

Funkcidnilis derivalt: F{M} egy funkcional
5F :/ 6—F5M
M

5F
M

Egyestlyban

Egyensiilyhoz kozel

oM _ _poF
ot oM
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Ising model

H{s} =—J Z Sisj + th,

<i,j>

ahol < i,j > elsd szomszédra torténd Osszegezést jelent.
2D-ben van analitikus megoldas!

7'/#/%

/‘ /l
2-D ]smg Model
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