CHAPTER 1

INTRODUCT ION

1«1 History of Magnetism

It was probably the Greeks who Tirst discovered the prop-
erties of magnetite. This mineral was namecd after the name
Magncesia, the place where it was mined, and the phenomenon of
the various propertics assgociated with it is called iimagnetismi,
Socrates nentioned that /magnetite ean inducce iren to boecome
magnetic. Permanent and induced magnetism reprcsent two of
man's carliest scicntific diseoverics. Of the carly natural
philosophers who studied magnetism, the most famous is Willianm
Gilbert (1540-1603)« Hc was the first to considecr the earth as
a huge magnet. P, Pére grines distovered magnetic poles around
the year 1269 AJDe - However; the beginning of a theorctical un-
derstanding od msagnctism was sct lup by Coulomb (1736-1806) in
his c¢xperimental results on the forces between magnetic poles
of long thin stcel rods.

In gencral, magnetism originates from the magnctic mo-
ment due to the rotational motion of charged particles, the
basic conccpt which is accountcd for by the rolecular theory
of Amperc. The corrcct formulation of the thcory of magnctism

requires quantum nmechanics since a strictly classical system in
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Phe wagnetic woment of a masmnetic moatorial arises from
the suu ol the uagnetic mowments of the couwnveing atouns which
have electrun spins and oqf%ggi moticn of electrons about nuclei.
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and H, iz the apﬂﬁgsﬁ‘magnetiﬁ’f;//l. iiagnetic naterials can be

classified iate'diamapgnetic and paranagnetic miterials.

Diagncgfieticlmaterials are' 'substhonces with & nesative sus-

ceptibility, i.e., the induced mognetic woment isc in the opposzite
direction of the applied field. Diauwagnetisr oripinctes frowm

the change in the orbit.l moment induced by the avplication of
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The theoren due to J.M, Leeuwen, is treated by J.h. Van
Vleck, Electric and jlignetic Susceptibilities (uxford: 1932),
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an ¢xternal ficld. Diamagnetism always exists in any substances
which have both diamagnetic and paramagnetic contributions.
Howecver, the diamagnetism is in general so weak thnt paramag-
netism overwvheluns the substances. Conscquently, it is difficult
to measurc accurately the diamagnetic susceptibility of these
substances.

Paramnagnetism occurs only in substancces with permanent
magnetic moments of individual-atoms or moleccules. The para-
magnetic susceptibility dip positive and tcuperature dependent

according to the relation
C .
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which is known as(the Curie law with .@)is a constant called the
Curic constant. In paramagngtic.materials, the applicd nagnetie
ficld trics to align the-magnutic monents in its dircction but
this cffcect is opwosed by thermal agitation which has the ten=
dency to prescrve the random orientation of the magnetic momeonts.
However, sone poaramagnetic materials exhibit paranagnctism with
the susceptibility inverscly proportional to T only in a high
temperature rangc and lose their paramagnetic bohaviors when
they are cooled to a sufficiently low temperaturce These
substances coan have o spontancous magnetic moncnt or a noag-

netic moment c¢von in zcro applied nmagnetic ficld. Thesc



substances mzy be divided into three main classes: ferronagnetic,
antiferronagnetic ond ferriwagnetic substances,

A ferromagnetic meterial has a complete parallel =lignmeont
of the strongly ccupl:d dinole moments at absolute zero. As the

temperature increases, the spontancous magnetization is reduced

by thermal agitation until at an clevated teuperature known as
the Curie temperature, it becomcs mero. The saterial is then

paramagnetic with a suscveptibility given approximately by the

ot |
Curie=Yeiss law

X 2 s, (1.3)
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wvhere C is the Curié ¢gonstant and & is a ccrtain kind of char=-
acteristic transition temperaturc of the material observed fron
experimental resulis generally called the paramagnetic Qurie

-
tenperature.

The phenomenon of antiferromagnetism occurs in materials
in vhich an antiparzllel arrangencnt of the strongly coupled
atomic dipoles is favored. Ndel (1932) orizinally considered an
antiferromagnetic lattice as composcd of two equivalent inter-
peneérating nearest neighbouring sublattices. The magnetic atoms

are arranged so as to give parallel magnetic moments in the sanme
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“Walts Morrish, The Phys;pal Principles of Mognetisn (New
York: John Wiley ° sons, Inc., 1965), pp. 265=369.



sublattice but antiparallel in different onecs. Consequently,
the spontaneous magnetization of the two equivalent sublattices
cancels out giving zero net magnetic moment at all tenperatures,
The spontonecus magnctization of each sublattice recaches its
maximum value at absolute zerc and decreases by @eans of ther-
mal azitation as the temperature increases. At a certain tem-
perature, usually called tha/ﬂéel temperature, the ordcred
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arrangeient o»conc:kc@mpletc_gpﬁgndom and the spontaneous mag-
o \J —_—

aa—— . ,
netization of eucl sibiz tice venishes. The paramagnetic suscep-

. (1.4)

The last Qy ;gffﬂrrluﬁﬂ etisn as called by

iéel This 1enﬂﬁ\ﬁesgmay_hewcﬁ/ggﬁered as a peneralization of

antiferronzpgnetism in which whe s sublattices have differont

magnetization. | Aceordingly,  therd willl Ye a not nagnetic moient
viich gives rise to an appreciable net spontanccus napnetization
at absolule zero, Tu virtue of the r.kl agitation, just as in

ferro- aad entiferronagnetisi, increcsing in tenparatures lowvers
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the spontaicous magnefization and at the so called Curie or Néel
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5L, Nfel, “Some New Results on Antiferromagnetism and
Ferromaguctisin,” Revicw of iodern Physics 25, 50 (1953).




temperature, the spontancous magnetiz. ticn venishes. The Curie=-
P 2 P £
Weiss lav fails to represent the temperature dependence of the

paramagnetiz susceptibility of a ferrimagnet above the iHeel ten-

perwture and this ic o isting guishing charascteristic of a forri-
: -1 o ; .
magnet. Neel haz shown that X satisfies the cquation
2
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In spite ofggyﬁiﬁﬁ a spﬂntaaguu, negnetisation as a coi-
aon feature, fery gmﬁﬁﬁéf o2y antlfer“umagnctﬁv, and ferrimagnetic
materials have u_sfynﬂt behé}lors of the spontancous magnetiza-

/,

tion. Almzo, their ausc05tlglfitv has differeat tomverature

cenendence cxcapt at- uéégftgﬂggratureu, they cxhibit the saue

paranasnetic hehavior; This 1s 111u6£rated by Mes Y.
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See also ALH: Morrish, op. Cite, pp. 491493
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Ge 1 Invarse magnetic susceptibility ce & Tunetion of tome
peraturc. (a) Par-ingnete (b) Ferronagnes, (e¢) antiforro--

negnets (d) Ferrinagneot.
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