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ABSTRACT

Two of the magnetic properties of ,antiferrornagnet,

CSMnF3, 'were studie9 by thermal neutron scattering 'tech-
\

niques.

Spin wave-dispersion curves, along the two high

symmetry directions (OO~) and (~OO), were determined and

were satisfactorily fitted to a theoretical model with two

nearest neighbour exchange constants, J 12 = O.l34±.003 THz
~

and, Ji3 = O.094±.Ol05 THz, and one second nearest'~eighbour

• exchange cons~a~t, J3S~- O.Ol38±.003 THz. The. spin wave

properties ca~ be described i1'\ terms of an ~~e'ctive aniso- '.'

tropy, field of -2700±900 Oe along the crystal c axis. ~~is

field constrains the spins to the basal plane of the crys­

tal. The cara~lations.show ~hat m~gnetic dipole-dipole

interactions, alone',' provide enough anisotropy to account

for tQe observed results.
, .

~he sublattice magneti~ation, over the temperature

range of' 6.8 K to' 72.2 K, was measured~ This shows a
\.

critical phase transition with a critical exponent a given

by a = O•. 3l7±.009.

. .
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of excitations of the magnetic system at low.temperature;
I

these excitations are known as spin waves and from measure-

CHAPTER I

INTRODUCTION

This thesis. describes experiments to measure two of

/~the m~gnetic properties of the antiferromagnet·CsMnF3.. The

/ first experiment concerns the d~termiI\ation of the frequency
I ,

_/

ments'of their frequency we can petermine·the nature of the

interactions between the magnetic Moments in the atoms. The

second experiment measures the magnitu~e of the ali9ned moments

-as a function of temperatur~ t~e m~~nts are al~gned below

a temperat~re known ~s the N\el temper~ure and the transi­

tion from the align~¥ ~o non-aligned state is of ~ type kno~~_,

as' a'critical phase ~ransitlort!. The information provided by
.

the experiment contributes to knowledge o~ critical phase

In the first part of this sectxon we shall talk brief­

ly about different types of ~ag~~tic-order and in the second. ,

part the interactions which bring about such'magnetic order

will·'be discussed. A more complete historical introduction .to ,
.

magnetism can be found in '~he books, "TJ:e theory of magnetism"

, .

...



"
2

by Hattis {1965) and "Magnetism and~matter" by Stoner (1934) •
•

a - Magnetic order: Many crystals have an ordered magnetic

structure. This means that/in the absence of an external mag­

netic field, the mean magnetic moment of at least one of the

atoms jn each unit cell of the crystal is non-zero.

In the 'simplest type of magnetically-ordere~rystals;

that is ferromagnets such as Fe, Ni, Co and Gd, the mean mag-

n'etic moments of all the atoms have the same orientation pro-'

vided that the~perature does not exceed a critical value

known as the Curie temperature. ~h~~ alignment of the moments

gives rise to spo~taneous magnetic moments on a macroscopic

scale, even in the aqse:nce of an external magnetic field.

Almos~ all salts of the ~ater Jd transition metals

(Mn, Fe, Co, Ni) are found to be antiferromagnets. Antiferro-
. ~

magnets are materials wher~ the moments of' the magnetic atoms

are aligned, but the al~gnment,is such that, for ev~r~t~m

on a particular crystal site,'there is another atom on an
'-

equivalent site with an antiparallel alignment of its moment.
. .

Experiments have shown that such situations occur very com-
~ .

monly in the halides, chalcog~nides, pnictides, sulphates,
; .

.
~,

,carbonates, nitrates and other sa~ts of the transition metals.

To account for the antiferromagnetism, an an~iferromagnetic

crystal must cQnsist of a.~et of 'sublatti~es (called magnetic

sublattices), each of which has a non zero mean magnetic'

. moment; but the sum of the mean moments of' the sublatticesI.
I

,nt:i of Irs if the "
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j
ture of the anti ferromagnet is les~ than a critical temperature

known as the Neel temperature.

Another class of magnetically ordered 'materials are
, ,

the ferrimagnets. These consist of a number of magnetic sub-"
. ..

lattices whose magnetic moments are uncompensated (in contrast

to antiferromagnets) and 50 exhib~t a spont~eous magnetic mo­

ment. .ExamPle! of this· type ar~ comp~undlof transiti~n metals

such as the ferri.tes Fe
3

Q4' MnFe
Z

Q4 , cOFlzo4 etc.. There are

more complicated magnetic orderings such as, helical, canted

and modulated structures, but· we shall not discuss them in "

this thesis.
."

c

b - Exchange and superexchange interactions: The ,magnetic

order in ferroroagnets and antiferromagnets is the result of
r

correlation Between the directions of the electron spins On
£

individual atoms. This correlation "is in turn. due to the

fact that the space symmetry of the wave function depends on

the magnitude of the resultant spin of the system of electrons.

This dependence is a consequence. of the principle of indis~
, -.

tinguishability of identical particl,es and is responsible fo~

. .' ~

±h~_ ~act that the energy-of th~ system dep~nd5 on the magni-

tu~e of i~ ~esultant spin, since different values of the
.

energy of the system in general corr~spond to wave fun~tions

..

with differ~ntr space symmetry. ..
I

It is important to note,that these effects occur

even if the Hamiltonian for the sy5~em.does not'contain terms


























































































































































































