111. Teoria Quéntica do Paramagnetismo;

Ferromagnetismo

[11.1 Paramagnetismo - Fungao de Brillouin
t=jig*sJ (1)

E=ij*tB=i¥B=¢g%sM;B (2)
M projesoes de J na diresao de B: M;=J,J j 1,
Jij2, .. jd+1 jJd.

ParaJ = 1=2, M = +1=2; j1=2; comg = 2,
projesees 1 = 81, e aenergia ca:

E =81gB (3)
N; = AeiE1KT = Ag?sB=kT (4)
N, = AeiBkT = pgi*BBT (5)
N = N; + N,. Donde,

N eleB=KT

= (6)
N elB B=kT + ei 1 B=kT
N, pi tBB=KT

N _ elBB:kT + eilBB:kT (7)



e*BB=KT & @ipB=kT

=1 = — 1
M B(Nl | N2) e*8B=kT 4 @i?gB=kT

eX = aiX
=1gN —1 8)

eX + giX
onde X = 1gB=kT.

M = 15N tghx = N1g tgh#8 kBTB 9)

Para J qualquer,

M = g1gJB;(X) (10)
X = g1gJB=kT (11)
Funsao de Brillouin:

B)(x) = (L+5)cotgh(1 +55)x] i 55cotgh(s
(12)



Para X pequeno:

cotgh(x) = l+ ;,( + 060 (13)
1 ... 1 L (1+1220)
1
B;j(X) Ya (1+2J)§§(1 T 1=20)x 3 X% i
_1 ZJ Xg:‘“—lx (14)

2J X 6J 3J

M=n<2j>=ng1gIB;(X) ¥

nggJB(J +1) ng?13J(J +1)B
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A=—=21,— 1
= =Yg (16)
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Constante de Curie;
1.na212 +
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[11.2 Ferromagnetismo - Modelo de Campo M§dio
(Weiss)

M=n<1j> (19)

Bn=.mM=_nn<2j>r Kk (20)

< 1] >:=g1gJIB;(X) (21)
com Cc1z s
' = g1gJ=l J 71 22
X =0"B KT (22)
Portanto,
O < 12z > 1
< 1% >.= g1g B, Bglgd =T 1 7Ts (29)
XO
< i >;= 24a
R it g e, (24a)
< 1% >:=g1gJB;(X) (24b)
< 1Z > < 1Z > XkT
L =B(X) = —2 =
< 12> g'sJ (98Jd)N.m



J+1

B; (XO) Ya ?X
I+1,__ Xk
3J - (ngJ)Zn,m

Temperatura de Curie:

g%13n. nJ(J +1)

Te = 3K

(26)

(27)

(28)



111.3 Comportamento Magn$tico Acima de T¢

1
< 1] >; =g1gJIBy(X) ¥ §918(~J +1)x' (29)

B+ _ n<1j>;

0:1J
=498 KT

(30)

mn<1j>

T - ()
Com C = 1,g°13nJ(J + 1)=3k, ca

B+
<13 > Y g*13J(J+1)

C
n<5>T :1—0(|3"‘>mn <1j>1) (32

CB:10
M = < 1Z > =
n J T T i Cbm=10 (33)
A suscetibilidade § dada por A = M=H:
. N<1i>; C C
A= ) T — = 34
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