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APPENDIX A

clals;ﬁ@ng 1o their magnetic behavior into

Antiferromagnetism

In general, ma
diamagnetic, paramagneti etic, and ferrimagnetic. In
diamagnetic materials magnc i€ gfiects 2 ugh the net magnetic moment is
zero in the absence of af
moment to slightly exceedAngOmD ta _. 0 ’-'," at, resulting i a small net magnetic moment
which opposes the applied fic .J ich 1et magnetic moment is not zero in
the absence of an external 1  field/when an extemal field is applied , the spin
moment tends to line up with the materials magnetic effect is significant,

and substances are, called aonet has a spontaneous magnetic

moment - a magneti ment even 1n gnetic field. These materials have

c substances the spin moments
of adjacent at moments are not equal so that there is a
net magnetic Eﬂ ﬂamm als In antiferromagnetic
el arfahgement with zero net
m@cnqmmmmmmla EJ.I
WL e

Simple ferromagnet Simple antiferromagnet Ferrimagnet

Fig. A.1 Ordered arrangement of spin moment



76

In 1932 Neel ( Neel, 1932 ) was first to show that antiferromagnetic system has
a critical temperature, now called the Neel temperature Ty, below which spin moments

are arranged alternately parallel and antiparallel. Above Ty the substance is

paramagnetic. , y/

Anantlferro' 112 ticmomcnt,sothatthesystem
q\"\‘ at is observed is a change in

‘\\\}\ ¢ field. This behavior is shown in

\.. K. Note that the susceptxblhty;

does not show any pesm: -
susceptibility ¥ in th
Fig.A.2 for MnF,, whos

does not diverge at the

AU AT NN
ARIANTUURIINYNAY

Fig. A2 Susceptibility ), versus T for MnF,. The quantities ) ,and ), refer to

susceptibility for the field parallel to and perpendicular to the spontaneous spin direction,
respectively. ( Omar, 1975 )
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This result is interesting, in that it depends on the orientation of magnetic field
relative to the direction of magnetization of the two sublattices. When magnetic field is
parallel to spin moment the susceptibility ), goes to zero at T = 0. This is because the

internal field is so strong that it preven
thcotherhand,’)(ftT=0 is the

spin in the sublattice from turning over. On -
he v it would have at Ty ; the spin moment
"t tsconly a feeble opposition to their

an antiferromagnetic, this can be

of the sublattice normal to

magnetization being sli

Sinoé the net
distinguished from a n I b : e ,chavior ¢ susceptibility as a function of
temperature. A “obeys the Curie law Y O 1/T all temperature,
while an antiferromagneti e oxhibit » o behavior shown in Fig.A.2 One can
also ascertain the magnetic ©Ordéf i the af omagnetic phase by means of neutron

diffraction. Below the Neel » moment form what amounts t0 two

interpeentrating ma 9.“- tices- e soIn—w "-i:‘ e rise to Bragg reflection of
%

the neutron beam. m | m
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APPENDIX B

where @, is Debye cuttoff fieques hat dependence of electron-phonon interaction and

®,="T 2n+1).

we get

n this case, 27T -1/2
Dp/2TT, 172 | A
Y, 1/2n+1) '_'-;‘..T:'—,:' R Y, e *I:-‘ T)

= 1+12+1/3 +g/é.+ 1A Op/TT) - [1/2+1/4+1/6+ A1 Op/RT, -1)]

o B PHRIATNEINT

%wﬁéqﬁ?ﬁfmwmaa
=Y ¢ @Ry - (211 Y + @A, 2]

N
Y Um = Y + InN hereN —> dandy =0.5772156649

m=1 . (Jahnke and Emde,1945)



Finally, we have
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