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Sizedfractionsof x = 0.6, 0.4, 0.2 and0.0 titanomagnetiteswerestudiedwith avibrationmagnetometer.In the
coarseparticles(d > 150pm),no compositionaldependenceof hysteresisparameterswas found.Hc waslessthan 50
Oe,HPJHC > 4 andJR/Is < 1~2, reflectingmulti-domainbehaviour.In contrast,fine particles(d 0.1 pm) re-
vealedsystematicgrain-sizedependenceof parameterswith coercive force ashigh as2,000 Oe in x = 0.6 titanomag-
netite.Grain-sizedependencestudiesrevealedbroadtransition sizesfor the onsetof true multi-domainbehaviourde-
pendinguponwhich factor is chosen.In magnetiteit variesfrom 10 to 20 pm. Theexperimentalcritical sizefor
single-domainbehaviourfor magnetiteis about0.1 pm andforx = 0.6 titanomagnetite1—2 pm.

1. Introduction scribeexperimentswith varyinggrain-sizefractionsof
titanomagnetites,the aim of which is to determine

The grain-sizedependenceof magneticproperties thesingle-domain—multi-domaintransitionin hystere-
has,with theexceptionof the studyby Parryj1965), sis behaviour.
beensomewhatneglecteduntil recentlyin rockmag-
netism.Yet, almostevery aspectof the magneticbe-
haviourof a materialshowsstrongdependenceupon 2. Samples
grain size.The fine-grainmagneticmaterials,which
play an importantrole in paleomagnetism,often ex- The titanomagnetitesusedin this studywerepre-
hibit somesingle-domain-likecharacteristics,suchas paredusing theceramicmethodof BarthandPosnjak
stableandintensethermoremanentmagnetization (1932).Weighedquantitiesof hematite,a-Fe

203
(TRM) andmulti-domain-likehysteresischaracteristics. (99.9%purity); rutile, Ti02 (99.9%);andiron, Fe
This apparentparadoxdrawsattentionto theneedto (99.999%)powderwere thoroughlymixedunderace-
establishthesingle-domain—multi-domaintransition tonein an agatemortar.The driedmixturewaspressed
in thesematerialsandto determinethebehaviourin into pellets,sealedin evacuatedsilica tubes(1O~—
thesize rangeof the transition.It is mostcuriousthat i0

5 torr), and fired at 1,000°Cfor 8 h. The tubes
the acquisitionof TRM obeysthesameform of field werethenquenchedfrom this temperatureto prevent
dependencelaw aboveandbelowthe transition(Day, exsolutionof two phases.Thesewill be referredto as
1973;Dunlop, 1973).Until theseproblemsarere- theseriesC titanomagnetites.
solvedour understandingof TRM in rocksandour at- SeriesWG (wet-ground)titanomagnetites,pre-
temptsto determinethepaleointensityof theearth’s paredin the sameway asseriesC, were groundin a
magneticfield areunsatisfying.In this paperwe de- waterslurry for 100h to reducethegrain sizeto less
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TABLE I

Hysteresispropertiesof coarse-grain(seriesC) titanomagnetites

Composition, Hc HRC HRC ~ (H = 0)
x (Oe) (Oe) J~(H = ~°) (G/Oe)

0.0 31 162 5.22 0.018 0.212
0.1 30 133 4.33 0.028 0.350
0.2 27 118 4.37 0.032 0.304
0.3 36 131 3.64 0.045 0.187
0.4 31 115 3.71 0.039 0.242
0.5 36 133 3.65 0.049 0.257
0.6 33 129 3.91 0.052 0.268

Mean 32 129 4.14 — 0.260

than 1 pm.Electron-microscopephotographscon- 3. Measurements
firmed that thegrain sizewasless than 1 pmbut the
exactsizespectrumcouldnot be obtainedbecauseof The hysteresisioopsweremeasuredusingavibra-
magnetostaticclustering.Measurementsof X-ray line tion magnetometerof the Fonertype,but modelled
broadening,whencorrectedfor the effectsof strain, moredirectlyafterthe designof FlandersandDoyle
gavea meangrainsizeof 1,100A (Readman,1972). (1962).Weak-fieldsusceptibilitywas determinedwith
Thereare two disadvantageswith thesesamples:a an AC bridgeof the transformertype(Fuller, 1967).
largequantity,up to 10%by weight,of finely-ground
porcelaincontaminateseverysample;constantturbu-
lence,contactwith air andlocalizedheatingin the 4. Coarse-grainsamples(seriesC)
grindingprocesscausesthesamplesto oxidizevery
slightly to cation-deficientspinels.However,all of the The hysteresispropertiesof the coarse-grainsamples
samplesare oxidizedandcontaminatedto aboutthe are given in TableI. The resultsshowthat thereis es-
samedegreeandcanstill be compared,within the sentiallyno compositionaldependencefor these
group,for trendsin themagneticproperties(A.J. coarse-grainsamples.The observedvaluesare typical
Manson,privatecommunication,1972). for multi-domainmaterial.The coerciveforce,Hc, is

TABLE II

Hysteresispropertiesof fine wet-ground(seriesWG) titanomagnetites

Composition, Hc HRC HRC JRS(H 0)
x (Oe) (Oe) HC J~(H = ) (G/Oe)

0 396 565 1.43 0.380 0.149
0.1 495 690 1.39 0.429 0.124
0.2 660 940 1.42 0.473 0.096
0.3 693 930 1.34 0.500 0.084
0.35 1,171 1,520 1.30 0.594 0.053
0.5 1,410 1,690 1.20 0.564 0.039
0.55 1,860 2,200 1.18 0.583 0.030
0.60 1,910 2,140 1.12 0.474 0.029
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about30 Oe. Theratio,T, of remanentcoerciveforce,
HRC, to coerciveforce,Hc, is greaterthan4. p values 3000

(JuI~’s)areless than0.05, andtheobservedvolume
susceptibilityvariesfrom 0.2 to 0.3 G/Oe. 2000

We comparedtheobservedvaluesof coerciveforce
and initial susceptibilitywith thepredictionsof strain
theories(Kersten,1938,1943;Néel 1944, 1946).
Thesetheoriespredicta strongcompositionaldepen- 1000

dence,becauseof thevariationof themagnetostriction ~
in thetitanomagnetiteseries.Thus,unlessthe internal UiU

stressgeneratedin thesamplepreparationexactlycorn- o
~ 500

pensatesthe predictedcompositionalvariation,these
> ~theoriesfail to accountfor thebasicobservation,name- ~

ly the independenceof composition.The inclusion
C

theories(Kersten,1938;Néel, 1944)are moreprom-
ising althoughon eithermodel ratherhigh densitiesof 200

inclusionsappearto be required(Day, 1973).It is not
clear whatthenatureof suchinclusionsmay be,but
theyare somewhatreminiscentof thosereportedear-
lier in studiesof the effectof annealingupon magne- 100 ~ I

0 0.1 0-2 0-3 0 /. 0-5 0-6
tite (Lowrie andFuller, 1969). coMPOsITION X

Thebehaviourof thesesamplesis typically that of
multi-domaingrains.However,the strain theoriesare
somewhatunexpectedlyunsuccessfulin explaining the ©
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Fig. 1. Comparisonof observedcoercive forcesofWG series
with Stoner-Wohlfarthcalculation.

100 I I I I A. Magnetocrystallineanisotropy.
0 0-1 0-2 0.3 0-4 0-5 0-6 B. Shapeanisotropy.

COMPOSITION X C. Stressanisotropy.
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observedhysteresisparameters.Inclusion theorieslook fore importantto establishtheeffects of suchmix-
morepromising. turesof coarse(soft)andfine (hard)material.We

found that in samplescontaininglessthan 20% of the
hardfraction, thecoercivity is dominatedby the soft

5. Fine-grainsamples(WG series) fractionwhile theremanentcoercivityand remanence
increasesystematicallywith increasingamountof the

Thehystereticpropertiesof theWG seriesareshown hardfraction present(Fig. 2). In samplescontaining
in Table II. In contrastto the coarse-grainseries,these 50% or more of thehardfraction theremanentcoer-
samplesreveala markeddependenceof propertiesup-
on thecompositionparameter,x. As the Ti contentin-
creases,the coerciveforce,NC,the remanentcoercivity,
HRC, andthep value,J,~jJs,all increaseandthe initial HRC — ~ T

susceptibility(Xo) decreases,indicatingthat thesam-
ples are gettingprogressivelyharder.The r valuesare 500 ..~-

reasonablyconstantandcloseto 1.09,which is ap- Hc ,n’

8
cannotbevery muchmulti-domainor superparamag-
neticmaterialpresent.Similarly, with theexceptionpropriatefor single-domainassemblages,sothat there HRC 400 10

300 / T 6of the low x values,thep values(Jpjfs) are approxi-
mately0.5, which is appropriatefor single-domain

/.
assemblages. 200

The observedvaluesof Hc arecloseto thoseex- I
pectedfor single-domainparticles.A comparisonof 100

2
the measuredvalueswith thosepredictedby Stoner-
Wohlfarththeory(StonerandWohlfarth, 1948;Wohl-

0 I 111111 I 0farth, 1958)is shownin Fig. 1. It is evident thatwhile 0 10 20 30 40 50 60 70 80 90 100
shapeandmagnetocrystallineanisotropyareunable VOLUME °/~FINE GRAINS

to explain theobservedvalues,stressenergycan,al-
though therequiredstressesarelarge. In all probability
eachenergy termis playinga role, but in thehigh-Ti 2400

titanomagnetitesstressenergyis particularlyimpor- 2200 HRC —

tant. It shouldbe notedthat thesesamplesareex- Hc~2000 _ø — — — — —

pectedto havehigh internalstressbecauseof theman- ~ 1800 ,

/
/ /.0ner in which theywere prepared.In naturalsamples (Ce) 1600

the relativeimportanceof theenergytermsmay be //

different.The observationsof Robins(1972)suggest 1200 ‘-
30

that syntheticsamplesproducedby othermethods 1000

maybe morestronglycontrolledby magnetocrystal- 800

line energy.The susceptibilitymaybeinterpretedin a

~IlIsimilarmanner. 600The behaviourof thesesamplesis single-domain 400 / 10like. Their coercivityappearsto be explainedsatisfac- 200torily in termsof internalstress. 0 00 10 20 30 1.0 50 60 70 80 90 100
VOLUME ‘I. FINE GRAINS

6. Mixtures of fine andcoarsematerial Fig. 2. Variation OfHC,HRCandTwith volume fractionof
hardcomponentin mixtureof hardandsoft components.

Rocksnormally contain magneticmineralswith a A. ~ = 0.
relatively broaddistribution of grain sizes.It is there- B. x = 0.6.
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civity is dominatedby thehardfraction andconstant, boo _________

while thecoercivitydecreasessystematicallywith the
amountof soft materialpresent.Theseresultsillustrate Hrc

that onecannotignoretheeffect of mixturesin studies Hrc —

of the grain-sizedependenceof hystereticproperties. Hc 100
Oe. Hc

—

U24
7. Interactions 10 I I I I

0.1 1.0 10 100 1000

Grain size, 2a, microns

In order to estimatethe effectof concentration, Fig. 3. Grain-sizedependenceof HC andHRCforx = 0.2.

actingthroughthevariationof the strengthof interac-
tions,a set of sampleswith concentrationsfrom 0.25
to 20%by weight were prepared.It was thenfound
that forhigh Ti valuesno dependenceu~onconcentra- wholerange.Taking into accountthesizedistribution
tion could be established.For magnetite,increasing within eachfraction,thevariation is bestexpressedby
concentrationdecreasedNc, HCR, andJR/JSfor con- two power-lawsegments.The first indexn

1 is always
centrationsgreaterthan5%. In the following analysis largerthan thesecondn2 (Table IV). The coercive-
of grain-sizeeffectsthe concentrationusedwas 1% by force transitionis between20—30 pmand theremanent
weight. coercivity at 20 pm.

StaceyandWise (1967)relatedthepowerindexto
thedomain-wallareaandthe orderingof dislocations.

- . Theygaven to be 1(1 — m) where I is relatedto the8. Hystereticpropertiesof sizedsamples
wall areaandm dependson the degreeof order of the
dislocations.The valueof / variesbetween1 and2,

Titanomagnetitesof compositionsx = 0.0, 0.2, 0.4 while m equals0.5 for a randomarrayof dislocations
and0.6 weregroundunderacetonein an agatemortar and I for an orderedarray.Hencen canvary from 0
andthe resultingpowderswere separatedinto size to 1. However,therearealternativeexplanations.Mi-
fractionsusinga Bahcocentrifugalclassifierandcon- cromagnetictheorypredictsthat for grainslargerthan
ventionalsieves.Thegrain size of eachfractionwas the critical sizefor coherentrotationa grain-sizede-
checkedmicroscopically. pendencewill enter.The curling modegives:

Accuratelyweighedquantitiesof eachsize fraction H d~
2

were dispersedin KBr powderandthemixture was C

compressedin a brassdie to give samplepelletscon- while thebuckling modegives:
taming 1% by weight of magneticmaterial.Optical H ~d~°~67

examinationof severalpelletsectionsshowedthedis- C

persionto bereasonablyuniform, but somelocal Mixed reversalmodesthereforecangive intermediate
clumpingof particlescouldnot be avoided.The values. Thevaluesof n foundin thetitanomagnetites
clumpingcouldbeminimizedby lengthymixing, and areconsistentwithbothexplanations,howeverneither
also,by usingvery dry KBr for the finer sizesand theoryis sufficientto explain thesecondsegment.The
dampKBr for the largersizes, systematicvariationofHcwith grainsizehasbeenre-

Thehystereticpropertiesare shownin Table III. portedfor a numberof materialsandis likely to be a
The grain-sizedependenceof coerciveforce and re- fundamentalproperty(Luborsky,1961).
manentcoercivity(HRC)arealsoshownin Fig. 3,which The interpretationof thevariationof isothermal
is a log-logplot. The variationcanbe expressedas: remanence(Jr.) andsusceptibility(Xo) is notso readily

—n —rn treatedasthecoerciveforce asthe dataare notsoH~ccd and HRCXd . . .

good.However,thereare againindicationsof a change
Thepowerindicesarenot,however,constantover the in behaviouratabout6 pmand20—30 pm.



TABLE III

Hystereticpropertiesof titanomagnetitesasafunction of grainsize

Size Standard H~ HRC HRC JRS/JS

(Jim) deviation (Oe) (Oe) (GlUe)

(a) x = 0:

0.8 — 295 551 1.87 0.133 0.139
0.96 — 245 501 2.04 0.117 0.144
1.9 1.1 165 432 2.62 0.103 0.159
3.8 1,5 108 359 3.32 0.082 0.118
6.4 2.4 84 300 3.57 0.056 0.224
9.3 2.9 70 280 4.00 0.047 0.224

13.4 4.2 60 250 4.16 0.043 0.192
18.2 5.2 55 209 3.80 0.025 0.218
30 9.0 42 195 4.64 0.021 0.218
57 17.0 37 181 4.89 0.020 0.216
87 13.5 35 169 4.83 0.020 0.203

131 25.1 32 160 5.00 0.019 0.212

(b) x = 0.2:

0.8 — 811 998 1.23 0.361 0.083
1.0 — 620 940 1.52 0.327 0.098
1.8 1.0 360 660 1.83 0.261 0.138
2.9 1.2 240 500 2.08 0.188 0.197
6.1 2.5 125 325 2.60 0.096 0.242
9.8 2.6 92 278 3.02 0.068 0.263

11.1 3.3 85 269 3.16 0.055 0.262
16.5 4.6 66 245 3.71 0.040 0.274
23 7.1 53 225 4.25 0.031 0.291
40 12.0 43 210 4.88 0.021 0.306
75 21.0 40 198 4.95 0.024 0.317

118 19.0 38 195 5.13 0.024 0.301

(c) x = 0.4:

0.8 — 1,551 1,900 1.23 0.449 0.036
0.95 — 1,076 1,600 1.49 0.427 0.054
1.64 0.9 594 1,030 1.73 0.362 0.088
3.5 1.8 275 580 2.11 0.250 0.137
6.0 2.6 152 385 2.53 0.146 0.182
8.6 2.9 112 320 2.86 0.095 0.208

13.0 3.2 82 270 3.29 0.079 0.224
17.0 5.1 66 235 3.56 0.053 0.236
32 8.7 44 210 4.77 0.034 0.265
61 18 39 185 4.74 0.030 0.279
84 16 36 176 4.89 0.027 0.294

112 21 34 186 4.94 0.033 0.271

(d) x = 0.6:

0.8 — 1,584 2,130 1.34 0.473 0.018
0.94 — 1,115 1,815 1.63 0.511 0.030
1.7 1.0 581 1,115 1.94 0.459 0.048
3.3 1.3 280 625 2.23 0.339 0.074
6.4 2.4 132 330 2.50 0.210 0.105
9.0 3.1 92 260 2.83 0.131 0.118

12.0 3.7 82 235 2.82 0.117 0.176
16.0 5.4 73 201 2.75 0.075 0.217
25.5 7.9 61 185 3.03 0.063 0.237
41 11.2 52 175 3.37 0.058 0.258
78 19 46 160 3.48 0.051 0.266

140 24 39 148 3.79 0.043 0.268
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9. Experimental estimatesof the critical sizefor single- 06

domain behaviour
05

A comparisonof theobservedhystereticproperties 4

with thevaluespredictedby the Stoner-Wohlfarth 0.4 ~ x
modelshowsthat thecritical size increaseswith in- - 03

creasingx. The magnetitesamplesshow no single- .

domain properties,henceit has to beconcludedthat 02

thesingle-domainsize is well below 1 pm. The results
from thewet-groundsamplesindicatethat thesingle- 0 I •

domainsize is closerto 0.1 pm. Forx = 0.2, the criti- I I

calsizeis above0.1pmbutbelow1 pm. Ncandi- varia- I0~ 2 3 4 5 6 7 8 9 IO~ 2 3 4 5

tionsindicatethat thecriticalsizeis just below1 pm ~
whilefR/Jsindicatesalowervalue.Thecomposition .

x = 0.4showssingle-domainbehaviourin thetwo smallest Fig. 5. -‘~/~
5versus

sizefractionsplacingthetransitionat about 1 pm. Forx
= 0.6, thetransitionoccursatabout2pm. Soffel (1971) catethat this transitionsize is about10—20 pm for
looked at thedomainpatternson the surfaceof titano- magnetite,dependingon the propertyconsidered.This
magnetitegrainsof compositionx = 0.55andcon- comparesfavourablywith Stacey’s(1962)valueof 18
cludedthat thesingledomaincritical size could be as pm for magnetite.The transitionsizeincreaseswith
high as a few microns. increasingx to a valueof about30—40pm for x = 0.6.

Thetransition from single-domainto truly multi- At thesesizesr is nearerto 3.5—4than 3 or 5.
domainbehaviouris not abrupt;thereis a transition Anothermethodof estimatingthe transitionsizes
region.Multi-domain grainsare characterizedby: is a graphicalapproachusing two or moremagnetic

properties.Fig. 4 showsJRS/Jsagainstr whereit can
be seenthat thesamplesfollow a definite trendfrom

0.05 and r 5.0 truly multi-domainbehaviourat thebottomright to
single-domainbehaviourat the topleft. Many of the

althoughParry (1965)suggeststhat multi-domainbe- samplesfall in thetransitionregionbetweenSD and
haviourbeginsfor r 3.0. Using thesevaluesfor truly MD behaviour.
multi-domaingrains,theminimum sizefor multi- Fuller(1974),while investigatingthemagneticbe-
domainbehaviourcanbe estimated.The resultsmdi- haviourof lunarsamples,suggestedthataplotofJRs/

Jsagainstx/Js shouldshowthesametrends.Fig. 5
showsthis graphfor thetitanomagnetites.The same
trendis evidentbutnote that the graphalso showsa

0.6 SD compositionaldependence.This reducesits useasan
indicatorof thedomainstateif thecompositionis un-

0.5 ~ known,but whenusedin conjunctionwith Fig. 4, it

04 •I may bepossibleto determinetheapproximatecompo-
sition of the sample.

0.3 PSD
Js .•

02 : 10. Discussion

•. S
0.1 1.

__________ ~. MD The single-domaincritical sizesfound experimen-
001 4 5 tally are generallyhigherthan thecalculatedsizes.

‘~ Assuminga meanelongationof 1.4, thecalculated
Fig. 4. J~/~J5versusHRc/HC. critical sizesfor x = 0, 0.2,0.4and0.6 are0.08—0.15,
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0.1—0.12,0.12—0.l8andO.16—0.26pmrespectively; Butler, R.F. andBanerjee,S.K., 1975.Theoreticalsingle-

theactualvaluedependsuponthemodelused(Day,1973). domain grain-sizerangein magnetiteand titanomagnetite.

Butler andBanerjee(1975)consideredthe freepoles J. Geophys.Res.,80: 4049.Day, R., 1973.The effect of grainsizeon themagneticproper-
associatedwith the surfaceterminationsof the domain ties of themagnetite—ulvospinelsolid solutionseries.Thesis,

wall andthedependenceof domain-wallenergyon Universityof Pittsburgh,Pittsburgh,Pa.

wall width in their estimatesof thecritical size. The Dunlop, D.J., 1972. Magnetite:behaviournearthesingle-

theoreticaltransitionin spherical(cubic) grainsthen domainthreshold.Science,176: 41.

variesfrom 0.05 pm inmagnetiteto 0.3pm forx =0.6. Dunlop,D.J., 1973. Thermoremanentmagnetizationin sub-microscopicmagnetite.J. Geophys.Res., 78: 7602.
As canbe seenfrom their article in this volume,their f:landersP.J.andDoyle, W.D., 1962. Motor driven magnetom-

valuesfor elongatedparticlesareconsiderablylarger eterfor thin magneticfilms. Rev. Sci. Instrum.,33: 691.

thanthosequotedabove. Fuller, M.D., 1967. Thea.c. bridgemethods.In: D.W. Collin-

Experimentallythe critical size variesfrom about son,KM. CreerandS.K. Runcorn(Editors),Methodsin

0.1pm for magnetiteto 1 or 2 pm forx = 0.6. The Paleomagnetism,Elsevier,Amsterdam,p. 403.
Fuller, M.D., 1974. Lunar magnetism.Rev.Geophys.,12: 23.

agreementis reasonablefor magnetitegiving the critical Kersten,M., 1938. Investigationof reversibleandirreversible
sizeasabout0.1pm.Dunlop(1972)foundacritical size wall displacementsbetweenantiparalleldomains.Phys.Z.,

formagnetiteof 0.05pm.Wall-width calculationssuggest 39: 860.
that a magnetitegrain of widthless than 0.1 pmcan- Kersten,M., 1943. ZurTheorieder ferromagnetischen1-lysterese

notaccepta normal wall evenif it is otherwiseener- und der Anfangspermeabiitat.Z. Phys.,44: 63.
Lowrie, W. and Fuller, M., 1969.Effect of annealingon coer-

geticallyfavorable.The experimentalcritical size for cive forceandremanentmagnetizationin magnetite.J.

compositionx = 0.6 is higherthan thecalculatedval- Gèophys.Res.,74: 2698.

ues,andan orderof magnitudehigherthanthe size Luborsky, F.E., 1961.Developmentof elongatedfine particle

that canaccommodatea domainwall. Soffel (1971) magnets.J. App!. Phys.,32: 1715.

found that thedomainwalls in high-Ti titanomagnetite Ned, L., 1944. Effet descavitésetdesinclusionssurle champ
coercitif.Cah.Phys.,25: 19.

(x = 0.55)were predominantly180°-walls,butthat Néel, L., 1946. Basesd’une nouvelle théoriegénéraledu

they were not straight.Walls were often hungup by champcoercitif. Ann. Univ. Grenoble,22: 299.

dislocations(whichappearas etchpits whenthey in- Parry,L.G., 1965.Magneticpropertiesof dispersedmagnetite

tersectthegrainsurface),andtherewasno evidence powders.Philos. Mag.,11: 303.
of closuredomains.Curvedwalls, dislocationpinning Readman,P.W., 1972.A magneticstudyof non-stoichiometric

titanomagnetites.Ph.D. Thesis,University of Newcastle,
and theabsenceof closuredomainswill increasethe Ne~castle-upon-Tyne.
total energyof a multi-domaingrainand increasethe Robins,B.W., 1972.Remanentmagnetizationin spinel iron-

critical size. Soffel’s work also suggeststhat thenum- oxides.Ph.D.Thesis,University of New SouthWales,

ber of domainsin a grainis not solely determinedby Sydney,N.S.W.

the sizeof the grain. Soffel, H., 1971. Thesingle-domain—multi-domaintransitionin naturalintermediatetitanomagnetites.Z. Geophys.,37:
It appearsthat theoreticalandexperimentalesti- 451.

matesof the single-domain—multi-domaintransition Stacey,F.D., 1962. A generalizedtheory of thermoremanence,

areconverging.However,it is not yet clear whether coveringthetransitionfrom single-domainto multidomain

all, or indeedthemostimportantfactorshavebeen magneticgrains.Phios.Mag., 7: 1887.
incorporatedinto thetheoreticalmodels.Thismust Stacey,F.D. andWise, K.N., 1967.Crystaldislocationsand

coercivityin fine grainedmagnetite.Aust. J. Phys.,20:
be established,if oneis to placefaith in their results 507.

to muchbetterthan an orderof magnitude.Meanwhile Stoner,E.C. andWohlfarth,E.P.,1948.A mechanismof mag-
theexperimentalistsstill haveto demonstratethe be- netic hysteresisin heterogeneousalloys. Philos.Trans. R.

haviourof the titanomagnetitesin thecritical domain- Soc., London,Ser. A, 240: 599.
sizerangeof 0.05—1pm. Wohlfarth,E.P.,1958. Relationsbetweendifferentmodesof

acquisitionof the remanentmagnetizationof ferromag-
neticparticles.J. Appl. Phys.,29: 595.
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