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Definitions 2

☞ Phenomenology of Magnets

☞ Dipole Moments

☞ Ferromagnets, Ferrimagnets,and Antiferromagnets

☞ Mean Field Theory

☞ The Lenz–Ising Model

☞ Domains

☞ Hysteresis

☞ Order–Disorder Transitions

☞ Critical Phenomena

☞ Landau Free Energy

☞ Scaling and Universality
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Element  Element 

(10 � 6 cm3 mole � 1) (10 � 6 cm3 mole � 1)

Ar � 19.18 N2 � 12.04

As � 5.24 Ne � 7.02

B � 6.70 P � 26.63

C � 5.88 S � 15.39

Cl � 20.18 Se � 23.69

Ge � 7.99 Si � 3.09

H2 � 4.00 Te � 37.00

He � 1.88 Tl � 43.42

I � 45.68 Xe � 43.33

Kr � 28.49
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Figure 4: (A) Specific heat of iron. [Source: Hofmann et al. (1956) p. 53.] (B) Magnetic

susceptibility  of EuO. Source: Matthias et al. (1961), p. 160.]

28th September 2003
c	 2003, Michael Marder



Spontaneous Magnetization of Ferromagnets13

Compound Tc � mI Compound Tc mI

(K) (K) �� B � (K) �� B �

Cr a 312 0.59 FeFe2O4 fi 858 4.1
CoO a 291 � 330 3.8 (magnetite)

CuO a 230 � 745 0.5 FeNiFeO4 fi 858 2.3
Mn a 100 0.5 FeLiFeO4 fi 943 2.6
MnO a 122 � 610 5 FeCuFeO4 fi 728 1.3
NiO a 523 � 2470 2 FeCoFeO4 fi 793 3.7
O2 a 23.9 2

Co f 1394 1415 1.72
Dy f 85 157 10.65
Eu f 289 108 7.12
Fe f 1043 1100 2.2
Gd f 302 289 7.97
Ho f 20 87 10.9
Ni f 628 650 0.6
Tb f 20 87 10.9
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Figure 5: Spontaneous magnetization of rare earth iron garnets 5Fe2O3 � R2O2 [Source:

Bertaut and Pauthenet (1957).]
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Antiferromagnets 15

Figure 6: Spin structure of transi-

tion metal oxides such as

CoO or NiO.
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Figure 9: Hysteresis in the magnetization curve of Permalloy. [Source: Bozorth (1951)]
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Figure 12: Molar heat capacities of four ferromagnetic copper salts versus scaled temper-

ature T � Tc. [Source Jongh and Miedema (1974).]
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Figure 13: (A) Temperature versus magnetization, antiferromagnet Source:

Heller and Benedek (1962) (B) Coexistence curve for eight fluids. Source:
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Exponent Fluid Magnet Mean Field Theory Experiment 3d Ising

� C � � � t � � � C � � � t � � � discontinuity 0.11–0.12 0.110

� � n � � t � � M � � t � � 1
2 0.35–0.37 0.325

� KT � � t � � �

� � � t � � � 1 1.21–1.35 1.241

� P � � � n �� � H � � � M �� 3 4.0–4.6 4.82

� � � � t � � �

� � � t � � � 0.61–0.64 0.63
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Figure 14: Scaling function h � � H � � � M �
� versus x � t � � M �

1 � � [Source: Vicentini-Missoni

(1972), p. 68.]
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