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AnequipmentfbrThermopower(TP)measurementsusingDC-methodinmagneticlieldsup
tol7Tinthetemperaturerangefrom3Kto300Kwasconstructed. Aspecialheating
techniquenamed"SeesawHeating''wasdevelopedandresultedingoodthermalstability,better
accuracyandafasterprocedure.Chromel-Constantanthermocoupleswereutilizedfbrmeasuring
probesbecauseofsmallandsimpletemperaturedependenceofmagneticfieldeHect. Finding
anempirical fbrmulafbrallthecalibrationcurvesofTPofchromelenableustomeasureTP
atanyfieldandatanytemperature.TheexperimentalresultsonGdAl2havebeensuccessfUlly
analyzedonthebasisofMott's2-bandmodelwithpolarizedconductionbandsusinglinearized
Boltzmannequation.
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§1． 皿並roduction

Generanyimordertocancelorreducespuliousvolta"sandtoFt

accuraieexperimentaldatainDCmeasurementsoftransportpropelz

ties,aconventionaltechniqueofdrivingfieldreveIsalhasbeencom-

monlyusm;hrwample,currentreve応副fbrtheelectricalresistivity

measurements,andcurTentandmagneticfieldrevelsalsfbrtheHall

efIi"t.However,suchaconventionalmeChamcaltechmquemmeasure-

mentoftheTPisnotsocommon')exceptfbrtheACteChmque.We

mtroduceaspecialDCheatingtechmquenamed scSesawHeating'' ,

characterizedbyaiIxedvalueoftheheatmgpoweralternatingbetwen

bothendsofthesample,WwhichwecanreveIsetemperaturegadient

ofthesamplewithoutchangingthesampletemperatulc､2)Itlookshke

ACmethod$5)but、webelieve,morethanbetterthanit. TheSee

sawHeatingmethodstandsonmeasurementsinthethermallysteady

stale_WecanmeasurethesignofTPandwecanchangewidelythe

accommodationtimeandtheheatmgpowcraccordingwithheatcaF

pacityofsampleandenvimnmentandthemlalcouplmgbetweenthem

whichchangestronglywithtemperature.

ItisveryimportanttofindthebestthelTnocoupl"withthesmaUest

magneticefFectandthes血npl=ttemperaturEdependence.Weadapted

chromel-constantanthermocouples6'7) fbrthesensorasthebestmate-

rialtotheb=tofourknowledge.

'IWocambrationprocmures,oneoftheIElativethermopowerofthe

thennocouple(Chromel-mnstaman)andtheotheroftheabsolute

thennopoweroftheIもferencematerial(Chromel),allowmeasurements

manymagneticfieldsuptol7Teslaandatanytemperaturebetween

3Ktoroomtemperature8).

WemeasuredtheTPofrareearthintermetaniccompoundGdAl2

mmagnetic6eldsofz"oandl5T.AndtheI℃sultwassuccssfUlly

analyz"onthebasisofthemolecularlieldmodelandMott's2band

model.

HEATERI ON T+ATI

HEATERI OFF T

T HEATERZ OFF

T+ATz HEATER2 0N

■■■■■

HEATERZ

■■■■■■

HEATERI SAMPLEXS

【
ｚ
迂
据
ヱ
ヱ
』
画
室
。
。
一
／
風
、
一
コ
〕

【
当
山
室
○
屋
エ
〕
｜
／
Ｋ
、
一
コ
〕

【
当
山
室
○
屋
エ
〕
｜
／
α
、
一
。
〕

｜
ヱ
く
ト
ヱ
ェ
ト
”
室
。
Ⅵ
‐
‐
司
‐
Ｊ
／
α
、
、
聖
‐
‐
引
凹

工
一
Ｅ
エ
ー
ヮ
Ｅ
コ
ノ
｜
／
／
、
、
一
．
』

．
豐
畠
星
匿
。
．

一可

I ICEBATH
_」

塵
山
匡
コ
ユ
エ
迂
囚
塵
ユ

ー
。
”
一
戸
山
ヨ
エ
崖
四
ヱ

崖
四
戸
四
五
臣
ヨ
コ
ヱ

一
・
○
【
岩
山
ゴ
エ
匡
山
エ

KEITHLEY700I

sWITCHSYSTEM

7168NANOVOLTCARD

｜ ’

KEITHLEY I82

NANOVOLTMETER

山
地
伽
唾
皿

ｅ
ｅ
ｅ
缶
に

唖
》
唖
岬
癖

・
皿
１
．
ｍ
曲
皿

・
唾
、
率
函
腔

佑
函
並
味
部

ｃ函
麺
》
李
山

ｅ

唾
皿
唖
・
挫
耐

恥
錐
》
弛
む

》
唖
》
、
Ｓ

ｍ
ａ
和

恥
吋
函
》
犀

１

虫
α
趣
咋
暉

乱
嘔
ｔ

・
口
且

Ｃ
ｌ
恥
Ｏ
ｈ
Ｆ
Ｉ
ｅ

》
》
・
》
岬
唖
Ｘ

Ｆ
ｇ
１
且 １９

§2． TheSystem

TheprincipleoftheSesawHeatmgissuggestedintheupperpart

181
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ofFig. 1．TwoheateIs(denot"asheaterlandheater2)aI℃drawn
symboUcallyoneitherendofthesampleX_TheheateIsworkata

fixmheatmgpower, theygenerateatemperatulもdiHbIもnceATalong
thesample・Duringthetimeofthemeasurementalwaysoneofthetwo
heateIsistulTninglyswitchedon.

Acharacteristictime, theaccommodationtime, isnecessaryto
chan"h･omthestateT+△四andT(Heaterlon)totheotherstate

TandT+ATh(Heater2on).SesaawHeatmgallowstocancelspurious

voltagesofthemeasurementcircuits.DuetotheSeesawHeatingequa』

amountsofheataresuppm函tothesampleatanyheaterconfiguration,
sothesampleisnoteXp""tobigtemperatuIEchanges,whichisbetter

thantheothermethodswherethegadientheaterisworkingonlyat
mtervals.

Theschematicinustrationofthemeasurementcircmtsisalsogiven
mFi9. 1．TwoChromel-Constantanthermocoupl"areusmasmeaF

surementleads.Theswitchsystemisconfigur"toconn"tthefbur

diiferentleadstotheinputofavoltagemeasul℃ment"mpment.The
outputleadsoftheChromelwiIEsareconnectmdirectlytoasecond
voltmeter.

Figure2showsthetimedependentvoltage,Ibh､1),oftheChromel

measuIもmentcircmt(Chromell-sampleX-Chromel2)andl/b．垂(t)
oftheConstantanmeas']rementci1℃mt (Constantanl-sampleX-
ConstantaJI2), fbrpurePbusedasthesample. Here,anaccommo-
dationtimeof88swasch"en. IntheactualmeasuIEment,wetale
smalleraccommodationtimestol℃ducetheiniluenceofthetimede-

pendencemthespuriousvoltage・ThefThninsaw-n腱voltagerEaction
ofthemea｣Hs''Fもmentcircuits isar=ultoftheS=awHeating. Fig
ure2alsoshows略舩andし雛, thHTnoelectricvoltage,generatm1n
theChromelmeasurementciI℃uitandthecon℃spondingvolta"ibr
theConstantanmeasurementci1℃mt(142, 1fL),theawerageofwhich
measur"themagnitudeofspuriousvoltages.Theextensionexplsses
thetemperaturegradientalongthesample△函orATh, 1℃spectively.
DuetoSeaawHeatingsuchaspuriousvoltageiscanceledouttoa

fewordeIssmallerthantheorigmalerroras: 1)SmldldiHbrenc"mthe

temperatusofthecoldjunctionsofthethermocouPlewires.2)0IMset
e

voltageofavolta"measuringunitandnoisepickup.3)Chemicaland

mechamcal inhomo"neityofthethermocouplewilE_

§3. CryogemcDesign

Theinnerpaltofthesampleholderisconstructedsymmetricdly
toget△四一△理, althoughit isnotanec=saJyconditionfbrthe

measurements.AsketchofthesampleholderisgiveninFi9. 3.The

sampleXwitharmmmumlengthof9mmisfixedwithahdpofthe

glassepoxyplatetothesampleholder・Thesampleisplssedagamst
twoAINplates,eachAINplateisfix"toathmlayerofCubr low
temperatureglue.Oneachsideofthesample,aconventionalstrain

gaugeisgluedtothisCulayerasaheater.Thestrajngaugeshavea

nearlytemperatuｴ巴independentelectricalIEsistance(R=120Q),and
givequickr"ponsetoanychang=ofheatmgculTentduetotheirsman

heatcapacitybThethermalcontactbetwentheheaterandthesample
viaCuandAlN9' '0) isgood.

ThethennUisolationbetwentheheaterpaIts(sample,AINEplates,
Cu-layerandstramgauge)andtheheatsinkismadeftomaglassepoxy
material. Thetemperatul泡ofthoheatsinkismeasm国町athick
61m1℃sistor,Cernox(LakeSholもCIyo"mm, Inc.) ''), locatminthe
middleoftheheatsink. Itsthermoelectricvoltagedo"notdepend
onmagneticfieldsuptol5Tinthetemperatureran"fi℃m4.2Kto
300Kwithin1.2%.

Thethicknessoftheglassepoxymaterial isanmlportantactoron
thethermalr"ponseofthesystem, fbrtheheatconductanceandthe

themlalrelaxation・ Theaccommodationtimeshouldbeassmallas

possibletomducetheinfluenceofthetimedIiftofthespuriousvoル
ag",whichisabout20satlowtemperatul"andabout40satroom

temperatu1℃. AIsotheheatmgpowerisstronglytemperaturedepen-
dent; lmWat3Kand20mWatmomtemperatureto"tabnsha
temperaturediilCIDnceofaPprwimately△珊-ATh-0.2K

ThejunctionofthetheImocouplepairislocat"attheendofthe

AI203partsandpI屯ss"byaspringsibrmedofaCILSI¥PallWto
samplesurface.TheabovedscribedinnerpaJtofthesampleholder
issuIToundedbyaCutubevacuum-sealedwithamdillmwiregasket.
ThetemperatureoftheCutubeisadjustedbyatemperatulもcontroller
usingasecondthickfHImIもsistormountmonthebottomoftheCu

tube.Atalltemperatur",thecoolingpowerisbroughttotheCutube
mainlybyaconstanthenumflow.

Aconiigurationofthetemperaturegradientparalleltothemagnetic
fieldwassetuptoreducethemfiuenceofothertheImomagneticeffects
hkeEttinghausen-NemstorRighi-LeduceH"t.
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Fig.3．Detajldrawingoftheinnerpartofthesampleholder.The

constructionissymmetrical tothemddleline.Thesample

iscrosshatched; filIt,hernotationofthepaJts: 1.glassepoxy
material,2.AINplates,3.CulayeIs,4.heater,5.glassepoxy
mateIial,6.heatsink,7． temperatuIEsensor,8．Al203paIts,
9. spring.

Fig.2.Thexmale.m.fs蛤h垂andlb｡"asahmctionofthetimetin

responsetoSeesawHeatmg. Theaccommodationtimewas

ch"enas88s, theheatingpowerat40mWatatemperatm℃

of300K.TYlemeamngof略h零,唱零,叱伽",and略｡垂,略｡軍,Wb｡n"
ismentionedinthetext.
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§4． Calibration

FbrTPofthesample,weobtain B(T)

3 6 9 Chromel

sz(T,B)=sa'(T,B)-M'ic",e) （1）
蛤h－蛤。

吃｡and叱九canbeobtajneddirectlyfromvolta"measl皿℃ments,while

theabsolutethelmopowerofChromel先ん(T,B)andtherclativetheI砦

mopowerbetw"nChromel axldConstantan&hc｡(ZB)mustbede-

telminmashlnctionoftemperatureandmagneticfieldbycambration.

ThecahbratiOnofthethermocoupl"wasdonebytwodiHも正nt

experiments,onefbrthe1℃lativethermopower"hC｡(T,B),andone

fbrtheabsolutethermopower先h(ZB).

Thedetem血nationof先hC｡wasdonebytheusualintegralmethod

fbreachthermocouple・ Atzerofieldboththermocoupl"showthe

sametemperaturedependenceofthethermale.m.fswhicharema

goodageementwiththeUteraturevalu='2) (theokerveddeviations

weresmallerthan0.5%). Therelativethermopower"hc｡ofthe

thennocouplerevealsverysmallmagneticfielddependen". Inactthe

efmectofmagneticfieldofl5Tat4.2Kwasoforderofour"perimental

r"olution(0.1"V/K). It impli"that△死hCo/鈴AC。≦5%whif,h

agr=withthestandarddata6).Becauseofthisvelyweakmagnetic

lielddependenceoftheI℃lativethermopowerwedonottakethiseH壁t

mtoaccountmthepI雷a1twork，

TheakolutethelmopowerofchromelSch asreportmtoexhibit

smallmagneticfielddependence'"'5). AtzeromagneticfieldataU

temperatur"wecalibrat"ourrefbI℃nceelectrode(chromelwire),us-

mgpurePb(pulity99.999%)asthestandardsamplebasmonthetable

givenbyreports.'6)Asthereferencefbrthecalibrationofthechromel

wir"mthemagnetic6eldweusmtwodifferentmaterials:

1)PurePbwasemplOyedasthereferenceabove60K'6). Itishlown

fromuteratuIも'7) thataboveabout30KTPofleaddosnotdepend

onmagneticfield.

2)Atlowertemperatur"weutinzedsuper℃ondUCtingYBa2Cu307com-

pOund(SC)withthesuperconductmgtransitiontemperatumof91K

mzeromagneticfield,whichislmowntopreservethesuperconductmg

statebelow60Kandmmagneticfieldbelowl7Tavanableit℃mour

magnet.

FigurE4depictsthemagnetotheImopower (MTP)ofchI℃mel

△恥(T,B), (△鞄､(T,B)=ah(T,B)－射(T,0)),asafUnctionof

temperatureat3,6,9, 12aJldl5T.△鋸(T,B) isqmtesmall, the

biggest iniluenceofmagnetic6eldASこんisfbundaromd50K.ASch

tendstozeroathighertemperaturesmgoodagI℃ementwithliteratu唾

data. '4)ThecontmuitybetweenthelowtemperatuI巴SOcalibration

andthehightemPeraturePb-calibrationatabout60Ka標巳everyw11.

Theinterpolationfbrmula/(T,B) isfbundempiricalyasfbllows:
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Fig.4.Themagletothermopower(MTP)△昆伽(T,B)="(T,B)-

恥(TW0)ofthereferenccmaterialChromelobtainedbycali-

brationmeaR,ITもmenis(points)andthefittmcorImtionhlnG

tion/(TWB).

ThegreatadvantageofchIomelwiIuI℃にrenceisthecomparatively

small6elddependence,"pecimlyatlowtemperatuI唾wherelaI琴ef

fmtsareexpectedfbrothermaterials.

Theaccuracyofthemeasurcmentwasch""dbypuIUIn・ The

hteraturevaluesatzeroT"laarequitediflbrent '8''9),whichmaybe

duetodiihrentgramsizeorsmallcontentofmpulities.Weobtained

anintermediatevalu"inourmPaR''Yもment・

ThevariationoftheTPwithmagneticlieldisingoodaglEementwith

theliteratulU'9).TheaccuracyofthemeasurementmalltemperatuIも

rangeis=timatedtobeatleastwithmztl"V/K,themlativea"uracy

witl血、士0.1"v/K.

§5. ThernmopowerofGdAl2

TbmperatuIEdependenceoftheTPofCdAl2mzeroandl5Tis

showninFig. 5, togetherwiththeresultsobtainedbyGratzeta1.20)

andSakuraietal..21)Ittak=alaIgepositivemaximumamund20Kand

itshowssteepdecreasefromaroundlOOKtoTL=168K.Itssignchanges

atalittlebelownton¥ativevalueandthevalueisalm"tconstant

aboveTL・ Theexperimentaldiscr℃pancyattheparamagnetic1℃glon

betweenourdataandthepI℃viouson"isalm"tl"V/K.Asweexprss

below,wc茜timatetheFbmlilevelofthissampleissituatedatthesharp

peakofthedensityofthestateaboveZt. Insuchacase,veIysmaU

shiltoftheFbrmilevelmakesavelylaIgechangeoftheTPalue.This

experimentaldisc【もpancycouldbedependentofthesamplepurityor

cheImcalhorrmgeneity・Aswemention", 1,heexperimentaleITorofour

"uipmentisuptol"V/Kmthela』君"t=timation,theexperimenta』

discrepancylookslikejustintheboardervalue.Thediscrepancybelow

aboutlOOKismuchlaJggerthanourwperimentalerTorUmit,however

thevaluesaIもconsistentwithmourexperimentsbetweenmeasmもments
atZerofieldandl5T.MoI巴detai1"discu"ionsshouldw"tuntU

weobtajntherclatedsamplepmperti"suchasthemagnetization,

electricalr"istivityimagnetoresistanceandhigltemperatul℃TP.We

wiUreporttheseresultsandmakeahlUdiscussionmneariilturc.Here,

aimofthispaperisonlytocomparethediilbrencebetweenther"ults

ofmeasurementsatzerofieldandl5Tandproposeamodelfbrthe

temperaturedependenceoftheTPofGdAlzaroundthemagneticphase

transitionITomthefermmagnetictothepammagnetic.

TheTPinthemagneticlieldofl5Tisalittlesmallerthallthatin

ノ(TWB)=QTe6Tc+cTcem' （2）

AtiIIstwe"tafimctionof6elddependenceofS(T,B)atevery5K

belowlOOKandatevelylOKabovelOOKThenweobtainallthe

coeificientsofthe"_2asahmctionofiield,usingtheS(ZB)atall

temperatur". Fmallywsucceed"toexpl"sallthedataatevexy

temperatuI電andmeverymagneticlieldsbyasingle"uation,".2,

withinaccuracyofO.1"V/KThefUnctiongiv"ssmoothmterpolaF

tionofMbetweentheexpermentalpomtsatalltemperaturesand

magletic6eldsasitisshowninFi9.4.TheⅡ密ultsenableustomake

accuratemeasu1℃mentsofTPatanyfieldsuptol7T=laandataJly

temperaturebetween3Kand300K.Allthecoefficientsofthehmction

/(T,B)arenstedin'Ihblel.
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Tablel. Empirica｣hrmulafbrthecorr“tionh｣nctionノ(T,B)andthevalusof

fOurfittmgparametersc,6,candd.
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Thus, thisMTPmeasulEmentgiv"usthewaytounderstandthe

temperatulEdependenceoftheTPofGdAl2・Generally,wehavetwo

actorsinhowtomodelthetransportproperti霊､oncistheelectronic

configurationsandtheotheristhescatteringmmhamsm， Intheibnner

factor,wehavethesinglebandmodel,thetwcbandmodelandsoon,

andalsowetleattheanisotropy(kdependenceconductivityonthe

FbITTmsu㎡“e)andtheenerWdependenceoftheconductivity(relaied

withDOS). Inthelatterfactor,wehavesomescatteringsouI℃雷such

astheelectron-electroncollision,phonon,magneticmoment, impurityi

andsoon.TheMTPgivesusimportantiIIformationaboutthetrans
守

portm"hamsmlbrtheeachtwoactoIs. Itsu配電tsfieldefM"tson

thisfelTomagneticsample麺もveryimportantandweneedtotalethe

effectsibrthetwofactoIsintoacmunt.WepickupheIethefieldeff"ts

fbrDOSandibrthemagneticmomentaITanFment.WewiUs"them
below.

ThistemperatuIEdependencelookslikethecurveofthemagnetole

sistanceofGdAl2obtainedbyGratzetJ.22)asshownmFig. 7.At

61stwewillconfilmth=eiieldinducmpmpemies, theMTPaJldthe

magnetoresistance, isduetomducedmagneticmomentbyfield,then,

weproposeamodel ibrtheTPofthiscompounds.

Ata6rststep,weapproximatethetemperatuledependenceofthe

magnetizationbytheBrillouinhmctionwithS=7/2fbrGdasfbUows;

:､ , _ ,､､ /-2j4eSz(4'I+H)

（ ‘.『 ）"Z(-2"eSz)exp
Sz＝－9

1＝二

’I

0 100 200 300

Tbmperature[m

Fig.5.ThelTnopowerofGdAI2asafunctionoftemperatureatH=

Oandl5T穂la,t"etherwithther"ultsobtamedbyGratzet

｣_andSakuraietal..

GdAl2

15．Ibsla

5
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句

Ⅱ
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Tbmperature [m

Fig.6.Temperaturedependenceofmagnetothermopower (MTP)

(S("=1571-S("=0))ofGdAI2.

g /-2"Bsz((4'I+")

（ ル園『 ）Zexp
亀＝一s

＝2N似BsB(2"Bs((4JI+")/kBT)

=2MJBSB(G), （3）

wheIEIismagnetization, (4ﾉ,mol"ular6eld"nstant,",apphedneld,

andB(Q),Brilloumfimction.

Figu'℃8showsthecalculatedmagnetizationinmagneticiheldsH=

0andl5T,andalsoFig.9istemperatm巳dependenceoftheinduced

magnetizationWtheiieldofH=15T.Themdumdmagnetizationhas

asharppeakatTL. ThemagneticI℃sistivityisgivenbythemean

squarenuctuationofthelocalizedspmandisexpI雷sedassumingthe

RKKYinteractionasfblows23),

zerofieldbelowaboutlOOK,however,itislargerabovethetemperature

aJldabigdiffbr℃nceappeaIsamundn.ThediflEIEncebetweenthem,

themagnetothermopower(MTP), isshownmFig､ 6. Ittak"alarge

maximumatTEanditalsotakmasmallnegativeminimumaIDund

15K.ThislargeMTParoundTLsug"tsthatthesuddenchan"

oftheTPatTlisl℃lat"withintemalmagneticfieldactmgonthe

conductionelectrons．
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nxmandtocorrespondtofreeel"tronsandtheytr巴attheamsotropic

scatteringmatrixassummgMott'smm皿afbrtheTP・ Hereinthis

paper,wewincalculatetheTPmcompletedifEr巳ntwayh℃mtheir

assumption.WepaynoattentiononthedetailedfbatureontheFbr取血

surffaceandtreatitbyfT"electronmodel(Mott's2bandmodel).The

"sentidpointofourmodel istaldngmtoaccounttheenergydepen-

dentconductivityover(aboveandbelow)thelbmlisuraceindetail.

Wedon'tusetheMott'sfbrmula(theexpI℃ssionWenergyderivative

ofconductivityontherbrmisurface)whichisassumedenergydepenF

dentconductivityislmearovertheFbImilevel,butweusetheorignal

fbrmulaoftheTPb"ausetheFbm血levelmoveacI…thesharppeak

ofDOSinourappronmation, inthatcasetheenergydependentcon-

ductivitycannotbeapprmimatedbylmearhmction(s"below).

TheTPappeaIsonlywhentheenerWdependentconductivity(spec-

tralconductiviW)variesasymmetricallyovertheFbImilevel,andthe

spectralconductivityisrelatmwithDOSmmeta』． The1℃ibIc,TP

vari"laIgelywhentheasymmetryofDOSchangesaroundFb'milevel.

It isnotalwayseH"teddir"tlybythetemPeratm℃dependenceof

conductivity.Fbrexample,somemetaJsdonotshowanychangeofthe

TPatthecrystallographictransitiontemperatureeveniftherもSiStivity

changeslargely.25)

Inourcalculation,theenergydependenceofDOScannotbetreated

ashnearbecausetheFbrmi levelgetsacrmsasharppeakandDOS

curvweisnotlmearwithmkBTiTPshouldbeexprssmbytheoriginal

UnealizedBoltzmannequationasfbllows:

0 100 200 300

TemperamrelK]

Fig.8. 'Ibmperaturedependenceof4ノmagnetizationinfieldsofzem

andl5TaccordmgtoBrinouinfimction.
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GdA12

H=15TH＝15T

r"(E,"(-¥)(←")"1

s(T)=--F
eT

一一K一ノ (5)、菅ノ

（要)“eT A.."(E,T)
WealsoassumetheinternalfieldactiIEontheconductionel"trons

duetotheexternal fieldandRKKYmol"ular6elddo"notdepend

ontheenernp"itionoftheconductionelectronneartheFbrmilevel.

Thisassumptiongi"aresultthatthespectralconductivitycaJ'be

divid"imoenergydependentpartandtemperaturedependentpart

clearlywithinthelmeaIizJapprmimation, aswfbcusonlyonthe

conductivitydependingonmagneticmoments.Here,thetemperatm己

dependentpartisoriginatedonlybythescatteringmechanisminthe

samemeamngas".4,a.ndtheenerWdependentpartisgivenbythe

DOSchanging.

0

0 100 200 300

Temperature[K]

Fig_9. 'Ibmperatu1℃dependenceofcalculatmmducedmagneticmo-

mentbythe6eldofl5T.

"(E,T)=o(E)9(T), （6）

where,o(E) isenergydependentpartoftheconductivityjandO(T)

isitstemperaturedependentpart. Generally, suchadivisioncould

beacceptmwhenthenatuI℃ofthescattenngmechaJIismandtheelec-

tronicstructureisnotdlangedsignincantly.Howeverifourassumption

isapphed,o(E)and8(T)aｴEcompletelyindependenteachotherand

thedivisioncanbeholdeveniftheelectromcstructurechang"much.

Thus,temperaturedependentpartoftheconductivityofdenomnaLor

andnumeratorcancelsoutwitheachotherinthe"uationofS,andthe

TPiscontlibut"onlybytheenergydependentconductivityorshape

ofDOScurvearoundtheFblmilevel.Theobtam"TPisexprssJas

fbllows:

p…α(S－")(s+〃十1). (4)

whereSand"are4ノspinandaveragedspinatatemperahure, re

spectively・ Itshouldbenotathateq.4exprssesonlythescattering

mechanismassumingnochangeoftheelectronconfiguration・ After

calculationofthemagnetoI雷istanceatH=15TapColdingtoeq. 4,

wefindaclearmimmumatTLanditcouldexplamtheexpaimenta』

magnetoIもsistanceasafimtapproximation・Th"etheoreticalrough

confirmationoftemperaturedependencesugFstthattheMTPcanbe

givenbythemducedmagletizationandtheTPitselfisrelat"deeply

withthemagletiZation・Howeverwehavenochan"ofMTPandal-

mostnotemperaturedependenceofTPifweassumnetheFbnnisurface

issphericalandDOSdo"notchange,becauseTPistheratioofthe

energytransiertothemomentumtransferandtheeneratransfbris

givenbytheconductiondiffrEncebetweenaboveandbelowtheFbmli

sulface,whichdependonDOS. TbmperatulもdependenceofTPofthe

fbITomagneticmetal ascalculatedbyAuslo"andDu1℃zewski24)by

calculatingTPtensorofanisotmpicfeITomagneticmetalswithlocalized

magneticmomentsbasmontheBoltzmann"uation. Intheircalcu-

la,tion,theFblmilevelanddensityofstates(DOS)amesuppmedtobe

I．｡に)(-誓)(←似'“s(n=-4
eT

ーKユノ

eT
(7)

A..･(E) （等)“
Ontheotherhand,theelectricalconductiviWisgivenasfbnows
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Fig.10.DOScurveofLaAl2obtain蝕町HasegawaandYanase.
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（雲泥 （8）B(r)-xfy-'(r)A.｡｡(E)画(r)=祠='(r)A．｡"(‘）
Iftheimegralpartoftheabovedscriptionineq.8isconstantinthe

wholetemperatureran",weget"､4asO(T) fbrmagneticIEsistivity.

AccordingtoHasZawaa'ndYanase,26)FbrmisurfaceofLaAl2 is

comp""of7thand8thband'sholesheetsand9thband'selectron

sphere,a皿dtheIhrmi levelissituatedatthetopofsharppeakofDOS

asdepictmmFi9． 10,whichism"tly4character・ Burkovetal.27)

"plainmmeasur"IEultsofthersistivityandTPofL"Y,_工Al2

皿1"bymneariZedBoltzmamm"uationassun血ngMott'sfreeelectron

2bandsmode1.28'29)

ItcanbereasonablyassumedthattheFbrmisurfaceofGdAl2 is

similartothatofLaAl2.Wefocusontheshalppeakjustaｴ℃undthe

FbrmilevelmFig. 10andapprommatetheDOSammdtheFbmlilevel

byamodelcomp"mofapeakoverlappedbyawideHatband.The

DOSofthepeakisapprommat"byLorentziananddenoteddband

andthewideilatbandisdenot"assband.

Weadoptthesamemodel,Mott'sZbandmodel,brthebandcon-

6gurationaIひundtheFbrmi levelofLaAl2asBurMvetal. Inthe

Mott's2-bandmodel,theconductioniscam"mainlybysbandelec-

trons.TheDOSofsband,M(E), isconstantoveraverywideran"

ofenergyandtherefblもsbaJlditselfgv"nocontributiontotheTP,

evenifitcamiestheelectricalconductionmainly.Theconductivityof

thedel"tronsisrougmyoneordersmallerthanthatoftheselectrons

butDOSofdband,Mi(E), isprettylargerthaJlthatofsband.The

scattermgprobabilityisproportionaltotheFbrmisurfacearea,and

thustherelaxationtimeofthesbandisproportionalmainlytomvelse

ofthedband'sDOSduetos－dscattering. Asarsult, theTPis

propoItionaltomveIEeofthedband'sDOS:theeffectiveconductivity

fbrtheTPisgivenbytheMott's2-bandmodelasfbnows:

-4
I

0 100 200 300

Temperature[K]

Fig. 11.ThecalculatJI=ultsfbrThermopoweratH=0andl5T

t"etherwiththeexperimentalIもSUltsofGdA12.

1 β2 1 β2
"(E)=:, K_,､.+:, .X', . ,y,, (9)Z(E-&)2+Bz+Z22 (E+6)2+p2'

where,26isbandsplittingwidthproportionJtothemolecularlieldand

theextemalneld,andthenl皿nericalvalueof"inkBumtsisasわⅡCWS；

｛紫|鰯:職鯆駕f駕競蝋，β＝

Thenumberoftheconductionelectronsareconservedunderthe

bandshift:

%..(M,(e)+'vk(e))/･(E,nde=…tant. (10)れ＝＝

WealsoobtainmaheiJItoftheHatsbandDOSaboutathirdofthe

heightofdbandDOSasabst6ttotheexperimentaldata.Hme, it

shouldbenotedthattheelectricalIEsistivityisnotsoafMeCt"bythed

bandsplittingbecauseweassumesbandconductiviWisverylangeand

itsenerWdependentconductivitydo"notdlan"aroundtheFbrmi
level，

Figurellshowsthecalculat"r=ultsto"therwiththeexpenmen-

talr=ults.Theth"reticalcurv"atH=0andl5Tagl色e=entially

withtheexperimentalonesamundTL.AttheparamagnetictemPeraF

tuI℃IZion,theFbImilevel issituat"amttlerightsideh℃mthetop

oftheDOSpeak,andshiftstotheleftsideofthedownspinband

peakmthefbrromagnetictemperature・Owmgtothisshift,Sisalif

tlen¥ativevaluemtheparamagneticl℃gionandpassingthroughzem

whentheFbrmilevel isjustatthetop,thenmcreas"withdecl巳aslng

temperature.Ontheotherhand,atlowtemperatur巴IWionthecom-

cidenceofihecalculatedvaluetotheexperimentaloneispoor,where

weneedSomeajirlitionaldatRandmmrmationlbrmolもdism】RRion・

Theaimofthispaperistodemonstratethebandsphttmgmodelis

efF"tivefbrtheTPamundthefeITomagnetictransitionmGdA12.We

cansuccssfullyunderstandthemechamsmofthetemperatul℃depen-

denceofTPbyMott's2bandmodel.However,theotherbandmodel

suchastheusualsingleor2baJIdmodelsetc.couldalsobeappUcable

．(蔭)"南

DuetotheRKKYinteraction, theconductionelectronfmlsthe

molecular6eldwhichisproportionaltotheaveraged4ノspin,andthe

bandsspht・TheZeemansplittmgoftheconductionelectronispropoI=

tionaltothetotJ6eldcomposedofmol"ularandappliediield・Thus

itisIEasonabletoexplainthetemperaturedependenceoftheTPisdue

tochangingoftheFbmmsu㎡mecausmbythepolarization(Z"man

splitting)oftheconductionbandaroundTBandinthemagneticfield.

Thebst6ttmLorentzianfbrtheDOSisasymmetrical inwhich

halfwidthofthehighereneIgysideisalittlelargerthanthelowerside.
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tothebandstructureofGdAl2.WeneedtoSeewhichistheb"tmodel

fbrthissvstem.
雪

AccoIdingtothismodel,wehavetwochannelsoftransportprol

emiescausmbythemagneticmoments: oneisthediIもctscattering

processandtheotherischangngofDOSbytheintemal field. The

electricalresistivitydependsmainlyonthefbrmeroneandtheTP

mainlyonthelatter. Varieti"ofthetemperatuIUdependenceofthe

TPcouldbeprsentmbythepositionoftheFbmli level inDOSand

theshapeofDOS.WewiUdiscussthetransportproperti"oftheother

rareeaIthferTomagnetsinhlture.
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