
III. Teoria Quântica do Paramagnetismo;
Ferromagnetismo

III.1 Paramagnetismo - Fun»c~ao de Brillouin

¹ = ¡g¹BJ (1)

E = ¡¹ ¢B = ¡¹zB = g¹BMJB (2)

MJ proje»c~oes de J na dire»c~ao deB: MJ=J , J¡1,
J ¡ 2, ... ¡J + 1, ¡J.
Para J = 1=2, MJ = +1=2; ¡1=2; com g = 2,

proje»c~oes ¹z = §¹B, e a energia ¯ca:

E = §¹BB (3)

N1 = Ae
¡E1=kT = Ae¹BB=kT (4)

N2 = Ae
¡E2=kT = Ae¡¹BB=kT (5)

N = N1 +N2. Donde,

N1
N
=

e¹BB=kT

e¹BB=kT + e¡¹BB=kT
(6)

N2
N
=

e¡¹BB=kT

e¹BB=kT + e¡¹BB=kT
(7)



M = ¹B(N1 ¡N2) = ¹BN
e¹BB=kT ¡ e¡¹BB=kT
e¹BB=kT + e¡¹BB=kT

= ¹BN
ex ¡ e¡x
ex + e¡x

(8)

onde x = ¹BB=kT .

M = ¹BN tghx = N¹B tgh
0
B@
¹BB

kT

1
CA (9)

Para J qualquer,

M = g¹BJBJ(x) (10)

x = g¹BJB=kT (11)

Fun»c~ao de Brillouin:
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)x]¡ 1
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x

2J
)

(12)



Para x pequeno:

cotgh(x) =
1

x
+
x

3
+ ¢ ¢ ¢ (13)

BJ(x) ¼ (1+
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)
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M = n < ¹zJ >T= ng¹BJBJ(x) ¼

¼ ng¹BJ
g¹BJB

kT

(J + 1)

3J
=
ng2¹2BJ(J + 1)B

3kT
(15)

A suscetibilidade ¶e

Â =
M

H
= ¹0

M

B
(16)

ou

Â =
¹0ng2¹2BJ(J + 1)

3kT
=
C

T
(17)

Constante de Curie:

C =
¹0ng2¹2BJ(J + 1)

3k
(18)



III.2 Ferromagnetismo - Modelo de Campo M¶edio
(Weiss)

M = n < ¹zJ >T (19)

Bm = ¸mM = ¸mn < ¹
z
J >T k (20)

< ¹zJ >T= g¹BJBJ(x
0) (21)

com

x0 = g¹BJ
¸mn < ¹zJ >T

kT
(22)

Portanto,

< ¹zJ >T= g¹BJBJ

0
B@g¹BJ

¸mn < ¹zJ >T
kT

1
CA (23)

< ¹zJ >T=
x0

g¹BJ¸mn=kT
(24a)

< ¹zJ >T= g¹BJBJ(x
0) (24b)

< ¹z >T
< ¹z >0

= BJ(x
0) =

< ¹zJ >T
g¹BJ

=
x0kT

(g¹BJ)2n¸m
(25)



BJ(x
0) ¼ J +1

3J
x0 (26)

J + 1

3J
x0 =

x0kT

(g¹BJ)2n¸m
(27)

Temperatura de Curie:

TC =
g2¹2Bn¸mJ(J + 1)

3k
(28)



III.3 Comportamento Magn¶etico Acima de TC

< ¹zJ >T = g¹BJBJ(x
0) ¼ 1

3
g¹B(J + 1)x

0 (29)

x0 = g¹BJ
B + ¸mn < ¹zJ >T

kT
(30)

< ¹zJ >T ¼ g2¹2BJ(J+1)
B + ¸mn < ¹zJ >T

3kT
(31)

Com C = ¹0g2¹2BnJ(J + 1)=3k, ¯ca

n < ¹zJ >T T =
C

¹0
(B + ¸mn < ¹

z
J >T ) (32)

M = n < ¹zJ >T =
CB=¹0

T ¡C¸m=¹0
(33)

A suscetibilidade ¶e dada por Â =M=H:

Â =
n < ¹zJ >T

H
=

C

T ¡ C¸m=¹0
=

C

T ¡ µp
(34)

com

µp = C¸m=¹0 =
g2¹2Bn¸mJ(J + 1)

3k
(35)
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