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••n .-~pol't.4 pnvlo-oaty. 1 
Tid• '-• m&DU••t•4 in mo~• 4ittltlct breab 

lfl tb• :r••t•U:rity CUl''W•, lOW.'f' ,al'Cl•• ot 0. !l"••l•U•lty arul•mall•r 
·. . . . 3 

•,b,,.• 1a tb• "~"•· Ia o~r eult•.r •ork B•1~ · .t'•90•t~ the 

n•tattvltte• of • ~:r .ot ••'••etu."th =-~~ lt-<>nl o.•c ~ 100m t•mpel'&• 

tur•. ft• r••l•ll.tU•t of •l~JJ• el'J•tat• ot Dy4 anti £rS ha...,. bfta. 

m•uure4 aad polyc.,y•t&llln.• remu .... b.text pt-ecttccectl,)tn th••• 
tneaf\l~r•menu. Ap•erM~t with lh• t~Rlta r•ported ~e l• Coo4· 

lL SXPER1Ylttn'A.L Pl\OC'£Dl.JllS 

A. ~,pu•tu• 

Tbe vu'-bl• t.mptt'ator• a:ppa.-ato• u••4 for tht• tA•••tta•ttoA 1• . . 

•ho'WJ11n Vtc. l. A •lmllu h•t.t l.U. ~halaber was u••4 ~ de•t:rilted 

by At.ut•:r••· 6 .Appttop~w• diu••• to. the •ppuatu. ••~"• mad• t<» 

pet'mlt b.,.~attor,a. with Utut4 hybo1•• and mm.1•• -. w.ll •• -with 

Uqvid. ulltlm. Slnce opet"&Uoa of '" •pparata• at ta. h!Jhet- t•mpe.-a• 

tu»:•• ••• t»t •conomic:ally f•••ll~l• wh•a ~Ut.ma wa• u••4 a. tu cold 

r•••l"TOlf'~t • Jlltro••u Jt•••J'voir. -.bleb ..,.. ~•filled au~~tl~.Uy;. 

wa• u•e4 to ~taio ._, t•m,-~atve "twa.• 11'. s•K aa.a 400·~ !o1" 

hadefitlltit P•liiod.l 'Of tim•· 
T•tnP4'J"at\l'N• -.r•, cb&at•.S ~ ••Ia• p\U ... of •l•ctt-lc-.1 pow•Y 

.bl th• 1•0 ·ohm •••w., coil to obtain th• t•mJ*r&tvf 4••ir•4. ... .. 

m.auc t•.mp•r.atu• eontrol WU· u••4 to l'J!'3U\Wn •· wtn~l"&tu~• .__, 

l:t,.. d4t•b•bl• to do .• o. 1t wu lound that in th• -m~Mratu~• t-•· 
,.,.,,_ wh•J'• tbe Qlli•ti'rity ••• ..U b•bvtd it wa• •uUktent to ba,-• 

"''I 
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approximate equilibrium conditions to obtain good data.   Temperatures

and resistivitiss ware measured simultaneously.

Th. sampli rellitance vu ditermined by the uiual fairs-probe method

using currInt re,Orsal.   An eloctronic constant-current powl, sqply vas

usid to supply. 342 amp to all of the samples measured.   Sharpined

brass Iddges approximally an inch apart mounted on a quarts bteck
' .-' I

.

-0,0 gied u potentl l -iatacti.   Sax,*d dia=*teri wer# ditormined

with a mic,womet r.

Most of the:measuremints bilow 20*K wer, made in thi liquid hydro-

Sen or liquid helium baths.   Tempwa remeamarimenta were made

wid a 410, prelsure thermometer,or with coppir constantan thermoo

Couplu. ..

·1  . . . r. .   · - ·   '   I     ·-                       I.   ·                   '.-                  . .   '

The probable error tn uu detirmination of the sample re*istivities

was ahout 140.   Temperature* 9/i- known to th* ne.est. 1#K.

B. Sam,les

All of the •amples were cast rods 3/16-in.  in diameter and 2-in.

lot,s.    The curves for Od.  Tb.. Tm andi I,u wor. obtainid after an-

nialing.   Annealing attempts on Ho and Er were unsuccossful.    The

curves reported for these two elements were obtained prior to an-

n.aling.   No attempt 'vas mad. to amm..1 Dy.
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lt u• "'-•• ••••"• U.at Ta bapurltlea bl a raa-c-... na. .. tal will 

ll"e&tly r.nce tile re•laclvltr and al•• ••~'••••• :reaul.- kl.- the 

•uperc•aductbla traaatun •f Ta. Coaa•.-••Uy. we k&ft aet plett.-4 

aay polate Mlew 4. • "IC fer T• ... lAl whic~ ap,.reatly pick up Ta 

iA the ea1tiaa proc•••· For the aame reaaoa •• llav• ~·• the l'••l· 

*-1 realaUYlty to N til• 4. • •tt val•• for aU tU aa.,lea. Oa. tile baala 

of til. m•aau~:e.....w 111&41.• •• _.., •--.IN aa• tll•tr •xt••b·e autyaea 

,.,. cu flu • c:oatra4letloa to tM co•waoaly acc:•pted propoaal oat 

Uae r•.tchal re•laUvlty or me~• 1• ~"•l•te• t. tile •~r ... aU ••-.1• 
putty. 

Ia Tabl• l •• •nw tM ll'aawlta el •••ct•o.crapiU~ u• oU.r t••t• 
ler l•p•rltlea ta th• ••nq.l•• •••• 1a dda wottk .. 

m. aauLTa 

Aaur.,.,. ......... u •• 1• appar .. tly cb:ract.l'b•d by .. peu ia Ut• 

~"••l•tl"rity C\lrn. Til• t-raaalti•• fro• f•rr•..aca•d.•• t• .a.u ... 

fe» .. •••~Mtl•• t• t .. atlf'-• wtUt. a J••• la l'ealat1vity. A. ... u ... lle .. 

lla••• l"ett•t1'rity cwr•• tor t.v. wu anttclpat.• •S•c• U n• al1l:I<l!ed 4'£ 

.... u. 

Tlae el•ctdcal l'eai•U'f"ltt•• oh••~"••• •• lite h•a.vy r.al'a•e&rtll 

acal• .... auwa ia W'l••· z-• ... ar• di•c:u••• "low: 

GN..Ualwa.-A. •laup ellaa&• ia •1•,. occu•• ta U.. r••t•U'rity of 

CN ~Htt••••l9l U4 19z•x (I'll· l) .. W•anr•••t•ot 1UI••Ue 

t( • --- ---



Element 

Ciadollnium 
(not dl8t1Ued) 

Terbium 
(not c:Uatllled) 

Dysprosium 
(db tilled) 

Holmium 
(dlsWJecS) 

Erbtuin 
(distilled) 

Thullum 
(distilled) 

Lutetium 
(not dlstUled) 

6 

Table I. Sample analy•i• 

'- Analysts 
. d 

Dy Z. 01; Y Z. 05: Pb L. 01• Eu <. 01; Sm ~. 05; Nd .c. 05; 
Ug < .01; Sl, .OZS; Ca, .06; lf'e, .OZ, Taz.t, C, ZlO ppm; 
N, 130 ppm; Ag, Al, As, Au, B, Be, Bl, Co, Cl', Cu, Oa, 
Ge, H1, Ir, ldn, Mo, Na, Pb, P, Pd, Rb, Ru, Sn, Sr, 
Ti, Tl, V, W, Zn, Zr not detected; Nl-trace. 

Dy, 0. 05; Gd, 0. OS; Ca, 0. 04; Eu, Fe, Ho, Sl, Ta, Y, 
Yb, Tm, La, La, .Nd, Pr, Er, not detected. 

Y~.Oh Tb< .1: Yb< .005: Er <-.OZ; Ho z.OZ: Ta, O.Z; 
Fe~. OJ; 51 <.03; Ca <. .05~ C, 100 ppm; N, 15 ppm, 
·Ma very faint trace. 

. 4 ' d 
Tm£:.. .01; Er L .oa: Dy <.04; Y L .01; Ta, • 2; Fe, .OJ; 
Ca, • OS; 81 <:: • 02; C, 75 ppm; N, 94 ppm; Ni, traces 
Cu, trace; Mo, Cr, Al, Sc no& detected. 

Ca, < .01; Fe, .OZ; Ma ~ .01; Sl <: .01; Y < .Oh Dy <: .005; 
Yb <.. OOOl; Tm < • COl; Ho < • 008; Ca, faint trace; Cu, 
trace; La, trace. 

d 
Lu Z. 003; Yb <-. 0005: Er Z. oo•; HO ~. 04: Y < • C2 ; 

. CaL • 05ii Ms---. 05; Fe, • 02; Sl <:. 01; C, lZO ppm; 
!!2·9 ppm• Ta, I. S; AJ, Aa, Au; ·Ba, 81, Co, Oe, 
Hf, Hg, In, Mo, Na, Nb, Nl, Te, T1, Tl, V, W, Zn, 
Z.., not detected. Cu, trace; Al trace; Mn, trace• Cr, 

trace. 

·~ 

d d 
Y""' 

0
05; Sc: <::. OZ; Yb <::: • 005; Tm < • OOZ; Ca <.. • 05; 

Mg L. • 03: Cr~ • 02; J'e .-...~. 01: 81 <. Ol: C, 66 ppm; 
N, 72.0 ppm; As, Au, Ba, Be, Cd, Co, Cr; Hf, Ha, 
In, Na, P, Pt, Ru, Te, Tl, V, Zr not detected, Cu, 
trace; MD, trace; Nb, trace; Nl, tl'ace; SD, trace; 
Ta (strona line). 
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momenta, a thermal espamdon, 1 thermoeleculc elfect8 aad apedfic 

9 beat lndlcate almormal beha\'f.OI' QO&I' tble Cemper&tuh acd naeat that 

the a harp chana• lD alope ahould be uaoclated wl.th lel'romaaneuc 

ordering. 

Terbium-There Ia a aba~p chanse in the elope of tho realeUvtty 

cur•e for terbium at .229•K aa aeen In Fla. 3. A careful atudy of the 

realatlvity Just below thla temperature showed a allJht lncl"eaee tn alopo 

with lncreaalzsa tempor&tul"e at 219·1< •. Meuurementa of maaneuc 

momcta, 10 apectflc beat, 11 thermal espanalon7 and tbel'moeleculc 

eUect8 •ua~eat that the region bom Zt9•K to ZZ.9•K Ia an antlferromaa-

neUe atate and the reaton below ~19•K le ferromqnetlc. 

!?taproittum--Aa aeen In Fla. 4, a aharp lncl"eaae lD realatirity 

with lncreutna temperatue occurs at 90•K. A peak waa found at 

17. •x. AD applled maanettc field of az. 4 ldlo·oerateda wUl remove 

moat of the peak and wtllauppreaa tho realatlvlty jump at 9o•x. Mea· 

. l.Z 13 14 aurementa of apecl!lc heat, magnetic momenta, ' thel"moelectrlc 

8 1 effect and thel"mal esp&D8lon auueat anUferro.ma1naUam from 90 •K 

to 174•K and ferromapetlsm below 90•K. 

Holmium--A change lD alope (aoo I'll• 5) oceu7a Dear 19•1< aimllar 

to~ chaDae at 90•K ln Dy. A peak was found at la?•K. Meaaarementa 

of apeclflc heat, 15 maanetlc momenta16 aud thermoelectric eltect8 

•uageat ferromaane~m below 19•1< and anWerromapetl•m from 19•K 

to ll?•K. 

; 
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Erbtum-A pronounced minimum. occurs lD the curve for erbium at 

ao•K aa 1een In Fla. 6. All the points were taken with the temper&t\u'e 

z 5 17 locreaaln& from 4. Z •K. Neaaurementa of maanetie momenta • • and 

apeclfic heat18 auaaest that the matalla ferromapetlc below ~o·K and 

antlfOI'I'Omapetic between 20• and 80•1(. The ferro-antl(erro transition 

l• not detectable lD. the polycl'yetalltno realetlvlty C'tlrve reported here. 

Thulium-A peak occurs at 54. 5 •t<. .Meuurements of sp~ clflc: 

heat19 and ma,cetlc moments16 suggeat Tm Ia anUforromapetlc below 

54. 5 •K. The reslstlvlty data below thls temperature do not indicate 

a change to a ferromagnetic atate. 

Lutetium-- The reelsUVtty ot Lu was found to be well behaved over 
. . . . 19 

tho t~mperatul'e region lnveatlgated. Meaaurementa of specific heat 

and thermoelectric effec:t8 also lnc!lcato nor~ behavior Col' a metal. 

IV. MAGNETIC DISORDER U:SIST.MTY 

zo 
The proposal by Kuuya that the electrical realativlty of rare-

ea.rtb. metals 11 not due entbely to tmpul'lty and phonon scatterlna of 

conduction electron• appear• to be a l'euonable auageatlon conslatent 

with the experimental l'eeult•. The manner ln wblc:h one might cal-

culate the masnet!e contribution to tho resiativlty ie not clearly eatab· 

11ahe4. 

We have treated the beat data available acc:ordlna to the pl'Oposala 

of Andei'IOD and Leavoldll for calculation of the mapotlc diaorder 

,• 
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16

contrlbution to tho resistlvity.   All of the results uNd for thos*

calculatiohs with the exception of Tb wer* obtained after thi publication
, ,

21.
of *44, letter by Anderlon   Logvold.        In Tabll II we have tabulatld

the residual rosistivitles and our estimates of the magn*lc contribution
..

'                    to the  re/istiwity of each *1*mnt.    Im /ls.,9 wi have  plotted u/se

contribution* a• functions of two differlat parameters.   The SCS+1)

parameter ls the one used by Anderson and Logvold21 and the parametir
· 22

41   S2 hu been *99110*ted by Brout and Subl.

Table II. Magnetic  and Rosideal' Resistivities
1 P

...                                                                                                                                                                             I.     . >'
Elemint » (<tes .

Gd 106.9 4.4-
Tb 86.4·

. 3.5

Dy                ' 58.5 2.4
HO 33.5 7.0
Ev 25#2

.

:2: 4
Tm 16.2 ,5.6
Lu 0.2 4.5*

,.
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P'lp¥'* Captio~• 

Fig. 1. t.ow t•=,peat'll..te bea.t lNl<. <:hatObe.,. 

Fie. z. Elec;utcat ••t.Uv1ty ,of Gd ··• t.mper•t•.u•e. 

trtg. .J. ~J.-ct,.te•l ••btiv:ity o.f Tb v• tern~er•nn"c. 

Fi,a. 4-. Blectttcal m•t.Uvity of Of v• temptt:r.atu.-o. 

i"'ts. 5. Electrical ••l•tlvJty ot Ho va tempet~e. 

J"ta. 6. Sleetr:lcll re•l•Uvtty o£.8;r v:e temp•:ratur«. 

·Fla. 1. £l•c;t'tical ~e•i•tlvity <;t Tm v• tempextJtur•. 

F!J. 8. Eloct~lcal m•I•ti'rity o! Lu. va tttmp•r6tut>e 

J'tt .. 9. The- tt.l&Snettc dl•o:tde:r <:ontd.'bution to the •~ch'tcal .re•t.Uvtty v• 
S(SH) •ct.{ltl)S~ .. tor the hu~y rare ••l'tlt•• ·Gd. to Lu. 
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