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1.1 INTRODUCTION

Ferrites are ferrimagnetic substances. The term ferrite has been 

misused but is commonly used as a generic term describing a class of 

magnetic oxide compounds that contain iron oxide as a major component 

as distinct from the metallurgical term which applies to the compound 

FegC. More specifically, there are several crystal structure classes of 

compounds loosely defined as ferrites, such as spinel, magnetoplumbite,... 

garnet and perovskite structures etc.

Ferrites find wide applications in the electronic industry. These 

days the study of ferrites has occupied an importent place in the realm 

of electronics technology. The simultaneous twin requirements of optimal 

electronic and magnetic properties in the advanced electronics, microwave 

and computer technologies have focussed the attention of research workers 

on ferrites. Soft ferrites find wide applications in high frequency and 

pulse transformers, inductances, antennas and numerous other applications. 

Ferrites with squareloop charecteristics of P-H curve, find extensive 

use in computers, memory devices and flip-flops.

Different parameters play an important role in determining a parti­

cular application of material. The properties such as magnetisation, 

coercivity conductivity etc. are greatly influenced by porosity, grain 

size and microstructure of the sample.

These properties depend upon the chemical and thermophysical history 

of the sample which allows the tailormaking of ferrites suitable for various 

applications. Further to understand the properties of ferrites understanding
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of inter relationship between crystal structure and ferrites is essential. 

This is a difficult task. Therefore one has to restrict to a limited field 

of study with modest aim.

Of late, substituted ferrites have stirred-up considerable interest 

amongst research workers. Substituents have modulated various properties 

of ferrites and paved a new way to tailormaking new devices to suit 

industrial requirements. With this view in mind it is proposed to carry out

1) Characterisation 

2} Conductivity studies and

3) Magnetisation studies on slow cooled zirconium substituted - 

magnesium-zinc ferrite system.

1.2 HISTORICAL

The word magnet has been derived from magnetite which was largely 

found in Magnesia, a province of Asia Minor. It is a mineral with chemical 

formuta F*6 O3 4 ,the first magnetic material known to man. Its early 

history is obscure but its power of attracting iron was certainly known 

for centuries before Christ.

The early Aryan philosophers were acquainted with the attractive 

property of natural magnets. In the Vedas is found an account of 

"Chumbak" i.e. the "Kissing Stone" which besides having the power of 

attracting iron was also endowed with many mystical and curative proper­

ties.
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Later cn, but at an unknown date, it was found that a properly 

shaped piece of magnetite if suspended would turn until it pointed approxi­

mately north and south directions. Due to this property magnetite was 

also called as "Lode Stone" meaning " Way Stone"

The first true scientific study of magnetism was made by the English 

-man William Gilbert (1540-1603) who published his book on The Magnet 

in 1600. For more than a century and half, after Gilbert, no discoveries 

of any fundamental importance were made, although there were many 

practical improvements in the manufacture of magnets. The first electro­

magnet was made in 1825, following the great discovery made in 1820 

by Oersted (1775-1851) that an electric current produces a magnetic 

field. Research on magnetic material can be said to date from the 

invention of the electromagnet which made available much more powerful 

fields than those produced by lode stones or magnets made from them.

In 1845, Faraday made a very important discovery that magnetic 

properties were not confined to a few elements like iron but that all 

shubstances were magnetic to a greater or less extent. Initially substances 

were classified as (i) Diamagnetic and (ii) Paramagnetic. But at present 

substances are classified as (i) Diamagnetic (ii) Paramagnetic (iii) Ferro­

magnetic (iv) Anti-ferromagnetic (v) Ferrimagnetic.

There arose a need for the magnetic materials to reduce eddy current

losses, which was met by preparing synthetic ferrites. Hilpert1 synthesized

the ferrites first. After some years utility of ferrites was proven beyond
2 3 4doubt. In 1930 Kato and Takai .Forestier ,Barth and Posjnak have studied

ferrites from various points of view.
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5 6Later on Snoek * carried out extensive systematic studies of prepa­

ration of ferrites and their electrical and magnetic properties. This
7led to various applications of ferrites. Verway established that the 

electronic conductivity of ferrites is mainly due to the exchange of 

electrons between divalent and trivalent ions.

o
Neer in 1950's introduced the concept of two magnetic sub-lattices

9 10to explain ferrimagnetism. Anderson and VanVIeck developed the
super-exchange theory. Yafet and Kittel*1 extended superexchange

t

theory by postulating the triangular spin arrangement of three sub-lattices.

Neel's theory was confirmed by neutron diffraction by magnetite 
13 14 15and Zinc ferrites . Gorter and Guillaud measured magnetisation

of Mn, Fe, Co, Ni, Cu, and Mg ferrites as a function of Zn composition. 
16Later Smart worked on microwave resonance and magnetisation which

helped to determine cation distribution. An important study of co-relation

between observed Curie temperature with magnetisation was done by 
17Gilleo . The relation between conductivity and dielectric constant' was 

18studied by Koops . He also obtained the formula for a.c. conductivity.

1.3 CRYSTAL STRUCTURE

A ferrite crystal has the spinel structure that is possessed by the 

mineral spinel MgA^O^* The spinel is a cubic crystal of f.c.c.type. 

The structure was first determined by Bragg (1915) and Nishikawa (1915) 

The unit cell contains eight formula units i.e. 8 MFe2C4 or MgFejgO^. 

The oxygen ions are physically the greatest and they form a face centered 

cubic lattice. There are 96 interstitial sites in the unit cell out of which
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64 are tetrahedral and 32 octahedral. Of these, In a spinel, 8 tetrahatral 

and 16 octahedral sites are occupied by cations. These tetrahedral and 

octahedral sites are also called as A-site and B-site for simplicity.

The length of the edge of cell is 8A°. The space group of spinel is
7

O The spinel structure is shown in fig. 1.1.

1.4 CLASSIFICATION OF FERR1TCS

Ferrites can be classified on the basis of cation distribution as follows

1.4 (a) Normal spinel ferrites When all (i.e.8) A-sites are occupied

by divalent ions and all (i.e.16) B-$ites are occupied by trivalent ions

then the spinel is called normal spinel,

ZnFejO^ and CdFe204 are norma! spinel ferrites. The cation distri­

bution of these will be

O'2] A [re-3 Fe*3] B o-3

and

[cd*2] A (V3 Fe*33 B O-2

The normal spinel ferrites do not exhibit ferrlmagnetic behaviour.

1.4 (b) Inverse Spinel Ferrites When trivalent ions occupy all

A-sites and half of B-sites, while the rest of B-sites are occupied by 

divalent ions then the spinel is called inverse spinel. This is presumably 

because of the tendency of large divalent ions to prefer roomier octahedral 

positions. In general the cation distribution may be represented by
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O'3] A &'2 re*3]

Mn, Co, Ni ferrites fall in this class.

The inverse spinel ferrites exhibit ferrimagnetic behaviour.

1.4 (c) Random Spinel Ferrites When divalent metal ions and trivalent 

iron ions are randomly distributed over A and B sites then such spinels 

are called random spinels. This distribution depends upon the physico­

chemical conditions of preparation. The general formula for partially 

inverted ferrites is usually written as

MgFegO^ and CuFejO^ are examples of partially inverted ferrites.

1.5 Types of ferrites

1.5 (a) Simple ferrites When a divalent ferrous ion in Fe^O^ is repla­

ced by another"divalent metal ion such as Mn, Co, Ni, Cu, Mg, Zn or

Cd, the ferrite formed is called as simple ferrite e.g. CuFejO^* MnFejO^, 

MgFe204.

1.5 (b) Mixed or Substitutional Ferrites When divalent metal ions 

or trivalent iron ions are replaced by other magnetic or non-magnetic 

ions in the spinel structure, the resulting ferrites are called substitutional 

ferrites.

As a consequence there are two types of substitutional ferrites.

(i) Partial replacement of divalent metal ions by other divalent 

metal ions, results in one type of substitutional ferrite, e.g. Cobalt ferrite 

partially replaced by manganese. Thus MgFe204 is simple ferrite. But
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Mgj^Zr^FegO^ is substitutional ferrite with o ^ x ^ 1. It may be 

called as either Magnesium Zinc ferrite or Zinc substituted magnesium 

ferrite.

(ii) Partial replacement of trivalent iron ions by other trivalent 

or tetravalent metal ions (usually non-magnetic in character) results in 

another type of substitutional ferrite.

i.e. (i) NiFe2_xCrxO^ Called Nickel ferrite Chromate

(ii) ^u^e2-x^^x^4 Called aluminium ferrite etc.

(i«) z"xMgi-x*t Zrt ^e2-2t ®4 Called Zr substituted
Mg-Zn ferrite

1.6 Electrical Properties of Ferrites Ferrites are semiconductors by
-3 11nature. Their (Specific) resistance varies from 10 -rucwv to 10 -A-cm

19 oat room temperature # Above 1200 C considerable variations in electrical

properties, with respect to heat treatment and preparation conditions
20have been observed in poly crystalline ferrites . The dependence of 

resistivity on temperature obeys the law

( - % f*P
where

A E = Activation energy

K = Boltzmann Constant

T = Absolute temperature of the sample

If we plot log ^ Vg -is we expect st. lines. Breaks occur at temperatures
21which correspond closely with ferrimagnetic curie temperatures . The
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value of,AE varies between 0.1 ev to 0.5 ev. The high AE is associated
22with high resistivity at room temperature . In general the substitution 

of a cation that tends to stay in lower valence state 1 eads to p-type 

conduction and substitution of cation that tends to stay in higher valence 

state leads to n-type conduction.

Apart from the inherent properties of the material., conductivity
23will also depend upon (i) porosity (ii) grain size (ill) chemical inhomo­

geneity caused during preparation or heat treatment

The conduction mechenism has been studied by many workers. 

But a satisfactory model to explain the process of conduction completely 

is not available yet. The studies on Seebeck effect give valuable infor­

mation on conduction through impurity levels, types of carriers responsible 

for conduction and so on.

The electrical properties such as d.c. and a.c. resistivity, dielectric 

constant, dielectric loss factor, depend upon intrinsic parameters such 

as purity of compounds, stoichiometry, surface condition, sintering tempe­

rature and time, physico chemical history, porosity, density, grain size 

and chemical homogeneity.

A very small amount of impurity in an otherwise stoichiometric

material lowers the resistivity. This was shown by Verway. Haayman,
22Romeijn and Van Oosterhout (1950) .

Ferrites show abnormally high dielectric constants and high resistivity. 

Many non-conducting oxides have dielectric constants (i.e. relative permi­

ttivities) between about 10 to 20. Koops has shown that both resistivity
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and dielectric constant fall rapidly when the frequency is Increased from 

a low value to about 100 KHz.

1.7 Magnetic Properties of Ferrites

1.7 (a) Ferrimagnetism:- Ferrites exhibit all the magnetic properties

similar to those of ferromagnetic materials. These are studied under 

the heading ferrimagnetism. The term ferrimagnetism was introduced 

by Neel in connection with the properties of ferrites. Weiss first tried 

to explain the magnetisation in ferrites on the basis of his molecular 

field theory. The spontaneous magnetisation is characteristic of ferri- 

magnetic materials which arises due to alignment of atomic magnets 

under the exchange forces. The coupling between the atomic magnets 

in a substance may cause parallel or antiparallel alignments of the spins 

of neighbouring atoms. Ferromagnetism is observed when the alignment 

is parallel and ferrimagnetism or anti ferromagnetism results when the 

alignment is antiparallel.

The exchange interaction between neighbouring atoms may 

be indirect and can take place through intermediate non-magnetic atoms 
such as oxygen or sulphur^.

The magnetic properties of ferrites are classified into two

groups.

(1) Intrinsic Properties and

(ii) Structure Sensitive Properties.

Permeability, saturation magnetisation, Curie temperature 

and magnetostriction are some of the intrinsic properties/while hysteresis,

•MR. BALASMEB
UNIVFRS.T

UBSMV
LUAMML
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resistivity dielectric constant etc. are structure sensitive properties.

The grain size, impurity, inclusions, porosity etc. affect the structure
25sensitive properties of ferrites.

1.7 (b) Hysteresis in ferrites and domains:- When a ferrimagnetic

substance is taken through cycle of magnetisation and B is plotted against 

hysteresis curve is obtained. The parameters like permeability, saturation 

magnetisation and coercive force obtained from hysteresis studies chara­

cterise the ferrites for suitable applications. Ferrites with low coercive 

force are called "Soft" ferrites and those with high coercive force as 

"Hard" ferrites which are generally used for permanent magnets. Soft 

ferrites are having high permeability. Therefore hysteresis loop is narrow 

at the waist. The hysteresis loss represented by the area of the loop, 

is also low.

Weiss, in order to explain the state of zero magnetisation, 

normally exhibited by demagnetised ferromagnetic materials, assumed 

the existence of small regions called domains within which the ferro­

magnetic material is magnetised to saturation i.e. the spins are unidire- 

ctionally aligned. The direction of magnetisation, however, varies from 

domain to domain and thus the net macroscopic magnetisation may have 

values between zero and saturation.

The change in direction of spins between two domains takes 

place through a domain wall. The thickness of this domain wall is of 

the order of a few hundreds of interatomic distances. The spins in the 

domain walls gradually change from- one direction to the other when 

external field is applied.
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The irreversibility and hysteresis in ferromagnetic material

are due to impediments to the motion of domain walls. The rotation
26of domains is observed by Farkhausen . The wall energy is maximum 

high
at very/fields which leads to irreversible increase in magnetoelastic and 

magnetostatic energies of materials. Some residual magnetisation remains 

even when the applied magnetic field is reduced to zero. Therefore 

in order to bring the domains to their original state of zero magnetisation 

the reverse field is applied which gives the hysteresis of the magnetisation 

cycle.

1.8 Structural Explanation of Ferrimagnetism:-

Ferrites which posses inverse spinel structure have the cation 

distribution given by

Fe+3 [m*2 Fe+3J 04

where the cations shown in the bracket are on B-sites and those on the
26outer are on A-sites . The unit cell of ferrite contains eight molecules.

Accordingly, on the A sublattice magnetic moments of 8 Fe+3 cations
+3 +2are located while on the B sublattice the magnetic moments of 8(Fe +M ) 

cations are present. The resultatnt magnetisation is given by

M - Mb-Ma ...... 1.2

* 8(mM.mFe) - 8mFe

* 8mM

where and Mg are the moments of subiattices m^ and mpe are 

the spin magnetic moment of individual ions. The parallel alignment
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of moments on each sublattice which is characteristic of ferrimagnetism 

requires the sufficient concentration of the magnetic species on one sub­

lattice to maintain parallel alignment on the other sublattice. As discussed 

earlier ferrites with normal spinel structure are non-ferromagnetic. In 

these ferrites A-B interaction does not exist because there are no magne­

tic ions on the A-sites, the B-B interaction lines up half the magnetic 

ions in one direction so that alternate planes of B-sublattice are magneti­

sed in opposite directions rendering these ferrites non-ferromagnetic. 

The angles between A-A, B-B and A-B cations in a spinel structure are 

shown in figure (1.2).

1.9 Neel's Theory of Ferrimagnetism:- 

27Neel explained ferrimagnetism on the basis of his two

sub-latticemodel. (i) He assumed that ferrimagnetic crystal could be 

divided into two sub-lattices such as tetratredral (i.e. A-site) and octa­

hedral (i.e. B-site). (ii) He assumed the existance in the material of 

one type of magnetic ion only. Further he assumed that a fraction 

"Xof this ion appears on A-site and a fraction M on B-site Thus 

"X + M- = 1. (iii) A ion is surrounded by neighbouring A ions as

well as B ions. Similarly a B ion has neighbours of both A and B types.

There is interaction between A-A ions, B-B ions. Similarly between 

A-B Ions and B-A ions, (iv) In the Neel theory it is assumed that A-B 

and B-A interactions are identical and predominate over A-A and B-B 

interactions (v) Neel's assumption that only one type of magnetic ion
l

is present will rarely be met, but it has been found that the general
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features of ferrites may be adequately represented on the Neel model, 

with suitable qualitative modifications.

Consider a ferrimagnetic substance and an ion or atom in 

it. Let Ho be the externally applied field on the substance • Then the 

total magnetic field acting upon the atom or ion under consideration 

will be H = Ho ♦ Hm .... 1.3

where Hm is the internal field due to interaction with other atoms according 

to Weiss molecular field idea.

Now consider A and B sites of an atom. Applying Weiss 

molecular field concept we can write

H

H

A

B
According to Weiss concept

haa+ hab 

hbb + hba

1.4

haa = Yaa ma hab = VabMB •• U5

and

hbb = Ybb mb hba “ Ybama "J-6

where Y's are Weiss molecular field coefficients and and Mp are 

the magnetic moments of neighbouring A and B sublattices.

Neel has shown that

Yab = Yba and Yaa ^ Ybb ..... 1.7

unless the two sublattices are identical. Further Neel has shown that 

Y ab ^ O favouring antiparallel arrangements of & Mp and

which gives rise to ferrimagnetism.

Note For convenience we shall retain \XB+ve*
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Thus when external field Ho is applied the total magnetic 

field on an ion in A and B sublatticewill be

Ha = Ho • Haa . Har

- Ho * VAA ma ♦ lrAB mb .. !.8

and

H * Ho + HgB + Hba - '-9

“ Ho ♦ VBBMB +Vba MA

X ) Paramagnetic Region Ferrimagnetic substances at high temperatures 

behave like paramagnetic substances. Consider an assembly of N free 

(paramagnetic) ions per unit volume, each with total angular momentum 

quantum number J; then the total magnetisation M is given by

M = Ngj/*B Bj ( x ) 1.10

where

N « Number of free ions, 

g = Lande's splitting factor

J = Total orbital quantum number

B » Bohr magneton

Bj' ( x ) = Brillouin function.

Brillouin function Bj(x) is given by

_ . . 21 *1 Coth^T+Dxl _1.. Coth (- ) l.U
B|'x) * 2j~ J " 2T 2 J

and

A)8JA<bH/KTX S 1.12
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where K Is Bo Itzmann's constant and T Is the absolute temperature.

When 1 ( i.e. T high)

B^x) = 1 >x/3 J

Using the value of x as given above in this relation we get

M = A) Ng2 /Xg J (J+D H/3kT 

From this the susceptibility X will be

X * H = A> Ng2 ^4 J (J + l)/3kT 

r_ __ Curie law in paramagnetism

1.13

1.14

1.15

1.16

If the magnetic field instead of H is taken as H + Hm then

X = M M M

From the last relation

_____________________ C
H H+rtn " H +ifM ~ T

H + V M T
M

H , V . I -• H T U T - Y 

■ M < C • • jtj = c" ' = C

1.17

M
H T - V*

* I
T - T c c

1.18

where

Tc - Yc
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This relation can be used to determine the value of V*experimentally.

From the relations X=— and X = ----------
T T - Tc

it is seen that X is directly proportional to the applied magnetic field 

and inversely proportional to the temperature. Neel applied these argu­

ments to each sub-lattice of ferrimagnetic material and wrote down the 

relations

MA = ( . Ha and Mg - ( —• Hb u'

C refers to unit volume and \c, )WC refer to the volumes occupied by 

the magnetic ions in each sub-lattice. Total magnetisation on both sites 

will be M * Ma + Mg .. 1.20

Using the values of MA & Mg and Ha & Hb as given in the above discu­

ssion, after necessary algebraic manipulation we get

1
X

where |f* AA

“v—
IBB

T*-c\^(X*«/*P)T * C2A/^- V>2ab (</i -1) 

C (2 .< . |J )J

Vbb

P - IT-
' Fab

and

..1.21

1.22

where

Following Neel the above relation for inverse susceptibility can be written as

i - X . . 1% . ,
X C Xo T - «

Wh6re L = V"AB ( -ftp )
o = V^bNIC ( 2 «t-P)

% ■ VIb ~^pc O1 wi -/mi *p>] 2

1.23

and
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The first two terms in the above relation give Curie - Weiss form of 

temperature dependence of 1/x as observed in ferromagnetics above Curie 

temperature, but the term has no counterpart in ferromagnetism.

This term is special to ferrimagnetic materials.

The above relation represents an hyperbola.

If we plot 1/x — T we get the hyperbola which cuts the 
C

temperature axis at 0 = * (Fig. 1.3(a) }

where Q is asymptotic Curie point 

IT) Spontaneous Magnetisation

In ferromagnetism spontaneous magnetisation is given by

Msp * NgJjUg Bj(x) •• U

This form of equation was used to deduce the behaviour of 

the ferrimagnetic material above the Curie point. Therefore we expect 

a similar dependance below that temperature. Thus in ferromagnetism 

spontaneous magnetisations are given by

MAsp - 1

MBsp - ~ 1

where Bj(x) = jU^Sl JUqH/kT

B*s are Brillouin functions and N's are number of atoms per 

unit volume of appropriate lattices.
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Fig. 1.3 b : . ExpcritatoUl saM*^aNlity/tmn|Wf*t'n* cun-* for gadolinium-iron
(imt (kTUt AM«aiid 1900).
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The net soomaneous magnetisation is given by

M. mbsp - masp 1.27

The graphs of M. Versus T are of different varities Fig.(1.4) 

They provide information about spontaneous magnetisation and exchange

energy at different temperatures. The above theory is supported by
28 29 30experimental curves of Neel Gorter and Smart .

1.10 Yafet-Kittel Theory :-

Neel's theory is applicable to pure ferrites. But it is inade- 

squate for spinels which contain other than Fe ions where the observed 

magnetisation is much smaller than calculated by Neel's model for spin 

arrangement. Yafet and Kittel1* therefore proposed triangular type 

of spin arrangement. Fig (1.5)

They showed that for certain ratios of exchange interaction 

in spinels there can exist three sublattices with triangular spin arrange­

ment and has lower energy than the two sub-lattice model. In such 

a case there exists a possibility of negative interaction within sub-lattice 

Itself giving rise to Bj, sublattices which are neither exactly antipara­

llel to each other nor to sublattice A. Instead, they align at some angle 

other that 180°. Thus there is a resultant magnetisation of B lattice 

setting antiparallel to the magnetisation of A lattice as shown in fig. 1.5

These triangular arrangement within the lattice result in values 

of reduced magnetisation of the same order and magnitude as those predi­

cted by Neel model.
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Fig. 1.4 : Ms Vs T Curves for ferrimagnetic substances predicted by 
Neel's Theory
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Fig. 1.5
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Neel theory predicted (Ms,T) curves of different types. But

these curves canot occur in practice because they require*^!!!* to be
QT

finite at T = 0°K in contradiction to the third lav/ of thermodynamics. 

This difficulty was removed by Yafet-Kittel model.

The interaction energy E in this case is given by

E - 8N [6JabSaSbCos X - JbbS* (2 Cos \ - lj] !*2

where ^ = angle betwen A and subdivisions of B 

J's = exchange integrals.

Interaction energy E is minimum for Jab negative and for Jbb positive 

if ^ » O. This is Neel’s state. If Jbb is also negative, then the ratio 

of exchange energies is given by

y1 ex
JbbSb

JabSa )
3

4
1.29

Under this condition Neel’s state will not be minimum and magnetisation 

of sublattices Ej and B2 will be inclined to sublattice A at an angle 

given by

Cos 'X,
3 Jab Sa 1.30
4 JbbSb

Yafet & Kittel pointed out that* Neel's structure is stable
for Vex < ^ if the total number of sublattices is restricted to six.

31The existance of triangular arrangement has been reported by Lotegring 

in some particular cases.
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t.ll Spiral Spins :-

Kaplan studied Y-K model and showed that it does not minimise

the exchange energy if O and proposed spiral type of spin configura-
32tion. Lyon and Kaplan have given a generalised treatment of spin

configuration along with Y-K modeL They have suggested the possibility

of spiral or helical spin arrangements by neutron diffraction in some

compounds and showed that they have lower energy for all values of 
. 2 33

r y ^Corliss and Hastings observed the existance of such configuration 
'ex

in manganese chromite. Spiral spin configuration has also been reported 
34by Enz in hexagonal ferrites.

1.12 Applications of Ferrites

Ferrites find wide applications in electronic technology. Ferri­

tes are used in TV sets, radio receivers and in computers. Switching
35and memory effect are the outstanding characteristics of ferrites.

There are limitations to the use of iron core or air core tran-
23

sformers due to eddy currents & losses due to eddy currents . This 

difficulty is removed by the ferrimagnetic oxide cores.

Ferrites are having high permeability. This renders them suita­

ble for telephone circuits for 50 KHz to 150 KHz. pass band, IFT of 

radio receivers, inductors for TV receivers, pulse transformers in data 

handling system etc. Ferrites are used for antenna. Due to ferrites/ 

dimensions of windings are reduced to those of small r.f. tuning coil.



26

Because of high permeability ferrite rod antennae have improved sensitivity 

over the conventional loop types with air core.

Typical square hysteresis loops can be obtained with ferrites.

These loops can be used to record information and store the same; both

the digital information required by the computer and the more detailed
23information necessary in order to record speech . The former makes 

use of a single loop while the latter involves the whole family of loops.

The most important use of ferrites today is in flyback transfor­

mers for TV picture tubes. A T.V. set normally contains 200 gm of

ferrite in various components. Recently oiezomagnetic nickel-manganese 
36cobalt ferrites have been developed for their wide applications in ultra­

sonics and radio freauencv electronics.

Now-a-days maenetostrictive transducers are being replaced 

by piezo-electric transducers in which ferrites are used. A delay line 

is a device designed to delay the passage of an electrical signal for a

pre-determined length of time. Transducers can be used for this purpose
i 37 also. :

Ferrite is also used in acce­

lerators. In proton - synchrotron the field B is increased in step with 

the particle velocity or momentum P in order to keep the radius R of 

the path constant according to the eauation P = R e B 

The magnet design of these huge machines is of great importance. Many 

thousands of Kilograms of commercial' ferrite material is used in the 

proton-synchrotrons.
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The interest in the electrical properties of ferrites also results

from the recently reported studies on electrical switching and memory
35phenomenon in ferrites. Yamashiro has studied CuFe20,j and reported 

electrical switching and memory phenomenon in copper ferrites, quenched 

from 800°C to 600°C. Histaketal studied lithium ferrites that also showed 

switching phenomenon. This phenomenon is due to distortion of crystal 

structure called Jahn Teller distortion.

1.13 Orientation of the Problem :

Of late, substituted ferrites have stirred-up considerable interest 

among research workers. Substitutents have modulated various properties 

of ferrites and paved a new way to tailormaking new devices to suit 

industrial requirements.

MgFegO^ is a partially inverted ferrite. The addition of Zn+^

+2improves the magnetic properties, however, Tc values are lowered. Zn
+2 +4has preference for B-site while Mg ferrite is partially inverted. Zr

when added to this system is reported to have occupied A-site, while

after a particular concentration the occupation site is B in the case
+4

of Ni-Zn and other ferrites. Hence to investigate the role of Zr and 

Mg+^ in modulating electrical and magnetic properties the ferrite series 

Z\M*l-x«ZrtFe2- •2t^4 was se*ecte(** We have added Zr in small amount 

to study the solid solubility also.

With this view in mind it was proposed to carry out the

following studies;
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1) Preparation of ferrites by standard ceramic technique in the series 

ZnxMg|_x+tZrtFe2_2tC\j where x = 0,0.2,0.4,0.6,0.8,1.0.

2) X-ray diffraction study for characterisation of the material.

3) A.C. and D.C. conductivity measurements.

4) Determination of Curie temperature.

5) Thermo-electric power measurements, and

6) Magnetisation and susceptibility variation on Zr substitution.
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