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History

(1-D Quantum Antiferromagnet)

0.E.lsing (1925)
lsing model (a failure!)

. H. Bethe, Z. Physik 71, 205 (1931)
Bethe Ansatz

. L. Hulthén, Arkiv. Mat. Astron. Fysik 26A, 1 (1938) )
ground state energy for an antiferromagnet  \fase-> 4 Whatier (14

3. P.W. Anderson, PR 86, 694 (1952) Onseger (Y2
spingg wave theory 1> [5ing

4a. R. Orbach, PR 112, 309 (1958)

4b. L..R. Walker, PR 116, 1288 (1959)

ansotropic coupling analytic solution

9. J. Des Cloizeaux, J.J. Pearson. PR 128, 2131
(1962)

one - magnon spectrum

8. J. Bonner & M.E. Fisher PR 135, A640 (1964)

aexact diagonalizations

7. C.N. Yang, PRL 18, 1312 (1867)

fermions = "YangBaxter” equations

8. E.H. Lieb, F.Y, W# PRL 20, 1445 (1968) (ﬁ,...{’“r‘ “
Hubbard model e

9. R.J. Baxter, Ann. of Phys. 70 323 (1972)
B vertex model

10. L.D. Fadeev ,L.A. Takhtajan, PLA 85A,375(1981)
Spinons (AISM)
11. F.D.M. Haldane, PRL 50, 1153 (198
Haldane Gap
12. 1980's
correlation functions. finite temperatu
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096 Chapter 33 Magnetic Ordering

1 T A O (e
l

T trating possible (a) ferromag-
t T } ] t T }

} t ) [ netic, (b) antiferromagnetic,

and (c) fermmmagnetic orderings.
()
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(b)

TiIiTi’iI*?i]

' } j } T } ’ } t } J } I Fig. 33.2 from Ashcroft and Mermin
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(a) (b) (c)

Figure 33.12

A ferromagnetically ordered solid can reduce its magnetic dipolar
energy by breaking up into a complex structure of domains. Thus
the single-domain structure (a) has a much higher dipolar energy
than the structure (b) consisting of two domains. (To see this
think of the two halves of (b) as being two bar magnets. To form
the single domain (a), one of the magnets in (b) must be reversed,
thereby changing a configuration in which opposite poles are
near one another to one in which like poles are near one another.)
The two-domain structure (b) can lower its dipolar energy still
further by producing the additional domains shown m (c).

Figs. 33.12-13 from Ashcroft and Mermin
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Figure 33.13

Detailed view of a portion of domain wall showing (a) an abrupt

boundary and (b) a gradual boundary. The latter type is less costly

in exchange energy Figs. 33.12-13 from Ashcroft and Mermin
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Observation of Magnetic Structures

Table 33.1

SELECTED FERROMAGNETS, WITH CRITICAI
TEMPERATURES T.AND SATURATION
MAGNETIZATION M,

MATERIAL 1.(K) M (gauss)®
Ie 1043 1752
Co 1388 1446
Ni 627 510
Gd 293 1980
Dy 85 3000
CrBr, 37 270
Au,MnAl 200 323
Cu,MnAl 630 726
CuyMnin S00 613
EuQ 17 1910
EuS 16.5 1184
MnAs JIR 870
MnBi 670 675
GdCl, 2.2 55

“ALT oK)
Source: F. Kefler, Handbuch der Physik. vol. 18, pt. 2, Springer,
New York, 1966 P. Heller, Rep. Progr. Phys., 30, (pt. 11), 731 (1967)
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Table 33.2
SELECTED ANTIFERROMAGNETS, WITH CRITICAI
TEMPERATURES T,

MATERIALI T.(K) MATERIAI 1. (K)
MnO 122 KCokF, 125
FeO 198 MnF, 67.34
CoO 291 FeF, 78.4
Ni1O 600 CoF, 37.7
RbMnF, 54.5 Mn(Cl, 2
KFeF, 115 VS 1040
KMnF, BE.3 Cr 311

Source: F. Kelfer. Handbuch der Physik, vol. 18, pt. 2, Springer, New York, 1966
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Figure 33.3

(a) Neutron Bragg peaks in manganese vanadite (MnV,0,), an antiferromagnet with 7, 56 K.
The intensity of the peaks decreases as T rises to 7T,. (b) Intensity of the (220) and (111) peaks vs.
temperature. Above 7, the temperature dependence is very slight. (From R. Plumier, Proceedings

of the International Conference on Magnetism, Nottingham, I‘#Tk] 33.3 from Ashcroft and Mermin
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Figure 31.8

The ratio of the spontancous magnetization at

temperature T to its saturation (7

0) valuc as a

function of (7/7)*? for ferromagnetic gadolinium
(7, = 293 K). The lineanty of the curve accords
with the Bloch 7% law. (After F. Holtzberg et al.,

J. Appl. Phys. 35,1033 (1964).)

Fig. 33.8 from Ashcroft and Mermin
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