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H × −

quantities is called the susceptibility x:

x ¼ M
H

emu
Oe " cm3 " (1:16)

Note that, since M has units A . cm2/cm3, and H has units A/cm, x is actually dimension-
less. Since M is the magnetic moment per unit volume, x also refers to unit volume and is
sometimes called the volume susceptibility and given the symbol xv to emphasize this fact.
Other susceptibilities can be defined, as follows:

xm ¼ xv=r ¼ mass susceptibility (emu=Oe g), where r ¼ density,

xA ¼ xvA ¼ atomic susceptibility (emu=Oe g atom), where A ¼ atomic weight,

xM ¼ xvM0 ¼ molar susceptibility (emu=Oe mol), where M0 ¼ molecular weight:

Typical curves of M vs H, called magnetization curves, are shown in Fig. 1.12 for
various kinds of substances. Curves (a) and (b) refer to substances having volume suscep-
tibilities of 22 # 1026 and þ20 # 1026, respectively. These substances (dia-, para-, or
antiferromagnetic) have linear M, H curves under normal circumstances and retain no
magnetism when the field is removed. The behavior shown in curve (c), of a typical
ferro- or ferrimagnetic, is quite different. The magnetization curve is nonlinear, so that x
varies with H and passes through a maximum value (about 40 for the curve shown).
Two other phenomena appear:

1. Saturation. At large enough values of H, the magnetization M becomes constant at its
saturation value of Ms.

2. Hysteresis, or irreversibility. After saturation, a decrease in H to zero does not reduce
M to zero. Ferro- and ferrimagnetic materials can thus be made into permanent
magnets. The word hysteresis is from a Greek word meaning “to lag behind,” and
is today applied to any phenomenon in which the effect lags behind the cause,

Fig. 1.12 Typical magnetization curves of (a) a diamagnetic; (b) a paramagnetic or antiferromag-
netic; and (c) a ferromagnetic of ferrimagnetic.
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Fig. 6. Quasistatic hysteresis loops for a film of NiFe-NiFeMn. a) 20 "C, b) - 196 "C 
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