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I, INVHULOCTION

The rescarch lacoryoreied In Chig Htueslis wen Telun
e o dnvesbl wvlon of & sebiwd Jor deleraising wmegnetils
prupssitlies of wotals, jpurticudarly the Jurls <olnt Irou bigh
SESguansy inductuncs measurescnis, L6 nethod Led uoed pyome
lsg sJor success willi atrongly lerromesgnoetic metsls, because
of the large eifect that & core of & ferromegnetic materisl
has on the inductence of & solensld exeited by 8 smell mage-
netlizing current of nigh freguency. It was bLelleved that
the sethod would Le sultable for followlng structursl chan;es
in ferromsgnetic alloys &t different temperstures snd in dife
ferent physicsl conditions, For & sultable alloy 1t wes sug~
gested Ly Lre He o L8an, then Chlef bhnglineer of the detal=-
lurglical Livision of the Buresu of iines, thet the nickelw
manganese alloy, Nigkn, wes strongly ferromegnetic when ite
lattice was in en ordered comnditlon and that some iInteresting
informetion sbout the formstion ernd destruction of 1its supere
lattice might be obtained by studying it by thls inductsrce
methods Thils supgestlon wes sdopted, srd three rods of apw-
rroximetely the composition Nizwn (28.78x Ly weight mangrnesge)
were cast end swaged at the Lelt Lake ity station of tho iue
resu of kines, #r. C. T, Anderson was kind enowvph to heve

prepared these speclmens eg vell as seversl other srecimens

£t & later date. The three rods vwere 2l.5u, 20.85 end £4.45%



e

by weignt mengenese, two Lelng on the nighe-nlekel slide snd
one on the hijhemsn anese side of the theoreticel supere
lattice comyuslition,.

the slternatling me . netlic {lelds jonerated Ly the
golerwid sa part of 8 Lridge clreult Lelng led by an electric
ogclllator of hLign Iresyuency were necessarily guiite low, less
than 1 cersted, Therelore, any unususlly high inductence
veluse recorded must cve due to megnetic softness of the core
materiel 1n the solenvid. whien, in the cvourse of the invese
tigetion, aigh velues of inductence were conslistently being
found for tie two alloys on the Lighenickel side of the super-
lettice, 1t wap declded to Lind oubt Just bhow megneticolly soft
tliose slloys were. Gomparison tests mede in the same appara-
tus with alloys Lavwn ©o Lave greet pegnetlc softness, perme
alloy wd hipernlk, geve inductasnce wvelues of the same ordey
of mapnitude 68, those founu {or the ordered nickelemanganese
elloye.

At this point in tie research it wes decided to veer
sowewhst Lrop the origlimel plen end include direct current
ma netie messurements un these &lloys Lecause cof the impors-
tance of the regullts votained 1 they siould prove to he se

igh frequency measurements hed indl-

soft megnebicelly &8 tue o
cated. itormel moguetizetion and Lysteresis cuwrves messured

vy 8 tallistic palvenumeter sre accel ted as atendard measure
ments provided the demegretizing effescts of the induced poles

fn the test plece are jroperly teken into seccount. £ test
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ylece in the fourm of & continuocus ring has & cemsgnetbtizing
factor of zZero, swl is particularly well suited for msasur-
ing mesnetie rroperties at low (leldes, ‘Zocordinsly, ring
sreclinmens of nickel-manganess 5lloy wore rrepared 28 the
Lealt Lake City station, and thege messurerents were carried
out.

It would be well to inclwde in this introduction
gome ides ©f the nature of ordered metsllic lottices iIn
elloys. detallic s0lid szolutlons, which ineclude rmost prhoses
in slloy systems, are composed of homoyeneous mirtures of
thie two kinds of etoms In vinery systems and more thear two
kinds of stoms in the higher then binery elloy asystems, esch
atom occupyling a dellinite lettice site Iin & lattice zystem
chersoteristie of the selid sclution. Pyrilesl lsttice ar-
rangements for metellic phsses sre lece centered cuble,
body centered cublie, close racked Liexa onel, ete. The
sclld solutions considered here ere subectitutional, whoere-
in esch stom occurlies one of tie lattice slien, ap distin-
suished from interstitisl s0l1ld solutions wiere certein
smell kinds of stoms like oxyyoen and carbon cun exliab hew
tween the lattice sites of the pavrent lattice,

Usually there will be found s completely rendom
digtrivution of the two kinda of sntoms in the leottices.
in statistical terms the probebillity of finding one kind
of atom in & glven lattice s=ite ls jJust ss ;vod ss that

for {inding the other.
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in certain elevated tesypersture rean es the two kinds
¢ etoms wiil tend Yo srrenge themselves In en orderly menner,
ot ig, atoms ol nach elament will tend to teke up & regulsy
position relative e fic cthers of 1ts RiInd snd the stoms of
e other ¢lament. if the time et tempercture 1s long enough,
L@ wmore wrderly srrangement will be formed, the degree of
Cru@r el voster for longer tlmes et tempersturs, & fanile
L expaple ol sxn ordered arranement of two kinds of stoms
on & labtice 1E that of salt, Hell, where the s etoms form
L Jace-coobersd suble lattlice ano the Ul stoms snother face-~
contered cuvlic lattlice, esoh s Lsling surrowxied by Cl etoms,
and, conversely, esch {1 belrng surrounded by Na stoms, The
parent lebilee 1o face center cubie in structure and i come~
posed of Ltue teo Intertwined fece-centered lattices, Hs and
Cls L3 It were j;ozsible to mix thorowhly the Ne end (1
sLoms on Lhe letilite cliter, the rosultent structure would be
L orercon cdstribution ol He sngd U1 atoms on the fsce-centered
vusic psrent latiice ~ this repdom dlistribution is customary
in omebtalile 20lid solutlon, unless & "dlsorder~to~-ourder”
rensiorpation das taken 1lnce,.

‘e alley composltions most susceptible to orders
cisorder trangforsetlons erve those in whileh the stomic pere
centegewe ol the twe elloys Deer simple numsriesl relationships
0 one snother. iPor exsmple, in an slloy system A~3, there
wmilght be superisttices {(il.c., en ordered structure) formed

from rendom solid solutions &t or sbout tihe compositiocns



Azll, A, snd Abgzs 41 the compoesition of the so0lid soclution

is exactly st couoe ol theuse composltions the resultlng ordsred

structure can epproach perfections v ith cosmposltions on either
ice 2f these slaple eboulc ratlion sone ol the latilece sites

velonging to one xind of atom will rececsexrily hiswve to bDe

filled by the otuacy,

If the 2lloy phese dues Lhove & tenfency o form sn
ordered structure, oL inorosse ln texperature will increanse
the esse of sltowliec moticn, sud thus eralle tlhe ztoms to zove
intc the positions decanded Ly the cuperlatiice typee Low=
ever, bthis very {recdom of abonic motion wilich nede posoible

Lie orderet€ structure a&lso luceressce the teucency for the
atoms to move vubt of order, lhus reduclyy tie degres of pepr=
feeblon of tie opderuvd structure, I sulficlient tiue ls gl=

loved, there can Yo eclerbllisincd et cny lenperaburs &n eguie

o

Livrian wherelin the rvbe «t wi:ileh stoms ore moving intoe right
rositiong eqguals the rate st which thoss elresdy in righit posi-
tiong sre woving into wrong poslitions.  Uhws, there i en sgud
1iLriw degree of jerfoection of the suyyerielitice widlelh Jocreases
e the temjercture Incrussceg, whoen the Lenjersture vlisce o
tihie polnt wiere tic stunic wotlon iv asuelr Lhet ihe Lenceney
for destructlion ol the superievtlics s sroecior tusn that for
its Ieogswmsticon, the so-called criticel ordering tespersnture 1s
roaciiod, The aprroesh to Chis crliticsl oxderivg tesperchbure
is wiat 1ls tesunicelly celled cebesircopnic, theat is Lthe degres
of order eorosses ol &r evexr accelerstling rate, until, at the

eritlicel termiereture, it ile zero. iliis tyre of venavior is
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charsactoristic of &lloy phmses buvin, "long=-dlotance order®,
wherein large proups of stoms form ordered mueses large enough
to wilirect Ee-rays Ifrom the new laltlce jlanes set up Ly the
ordered structure, end thus giving rise to “superlsttice lines"
in the x-rsy pattern. The gbove-mentloned criticecl temperse
ture is sumetines cxlled "the critical tempersture ol longe
tlstence opder®.

Lhortedlstance ordey or "locel order” results from
the remelning tendency ol the stoms to srrsuge themselves in
&8n orderly menner, even after the Lempersture is too high for
long=-distence order to exist, and only smell ordered clusters
of stoms gen be fcrmed. These Loo disappenr whon the tempere-
ture 1s incressed still further. OGocesionally very little
long=distance order le developed, and conseguently, the cat~
estrophiic effects at tie criticel temporsbure are minimliszed,

The physicel properties of the ordered structure
sre gulite different from those of the random s0lid sciution,
The electrical resistivity 1s usuaslly qguite lowsr, the ordered
structure may be magnetic and the disordered non-mapynetle, dif-
ferent thermasl enl's, are developed, the hest cepscity during
destruc tion ol tie superlsttice is snomslous, etc,., Lindeed,
it ie by cbserving these diilerent jroperties that we study

superiettices. The only direct svidence thst we huve of

[ail

crtercd styructures 18 ciserved wien we cunr debtect tihe

o]
4]

L.eg
extre surerlsitice lines in tie xe-ray pattern, Lecsuse {rom

these Lhe sctusl type of ordered structure may o derlved,



1T, LATEHATURE

Lo  The Orcer~lisorder Tronsfceprmation in Nizlin.

the iirst investizetors to cbserve the vrder-disorder
transiomation in Higkn were &, Kays and A, Kussmenn in 1831
(1), 7“hey fount the slloys sround thls compoglition tc be precs~
ticelly nonferromagnetic, when quenched from 009 ¢, After
cooling the alloys, {rom 900° ¢ at &0° ¢ per hour or after sn-
neeling for three days st 4309 , they found the alloys to Le
strongly ferromagnetic, the condltion after the threse day anw
nesl Leling more ferromeznetic than thst after slow cooling
(Fiie 1&); The electricsl resistivities of the slloys sround
Mizhn snnealed two days st 4509 ¢ were found to Le lowsr than
tuose of the alloys quenched from 900° ¢ (rig. 1b)e On re=
hesting alloys thst Lsd previously been ﬁﬂnsaléé they found
theat the saturation megnetization vecame zero et about 4600 C
(Fige le), eud thet the resistivity changed slope, leveling
off, at about the same tempsrature {flg. 1d). Kaya end
Fusemenn ¢alled this temperature the Curle tempersture, They
made no distlinotion between & Curie tewpereture sud & critie
eal ordering temperaturs, althougsh they offered saturation
magretization dete on these slloys sfter prolonged annesling
end guenching {rom tempersature, which showed the sharp fell

in the yroperty et sbout 5009 C,
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inle petter Of two eriticel temperatures which Kays
end Xussmsrn's detz Indlceted was clesrly urousht out Ly
o Thompson in 1940, (&) ‘thompson repested Kaya and Eussmenn's
magnetizetion and peslstivity work, and ivterpreted the fulle
ing off of these ;ropertics st 460° ¢ e evidence of the mug~
netle Curle temrersture {.1iz. 28), end the persistence of
megnetizetion in the slloyes quonched after annesliny ur Lo
about £10° ¢ sz cvidence that the critical orderin: tempora=
ture 1z at atout S10° ¢ (.ig. 2b)., Thompson slso presented
erecliiic heot Jata ua lizdn when in an ordered condition while
it was belng zlowly cected to 600° C, The specific heat vs,
temperature curves oshowed Lwo snomsllies in the form of mexima,
one tekir; vleoce ot 4g0° Ly presumebly evidence of the magnetic
Curie temperature, and toe other at about B40° ¢, tuken as evie
uence of the eriticul ordering tempersture, It 1s .onerslly
eccerted thnt specliliec hest snomelies occur both et critical
ordering tew; nratures and msguetic (urie tempersature, slthough
ususlly they are much more pronounced snd sherper then those
Thompson found for uigan, ke megnetic transformetion tSenmpers-
tures snd crlitical rdering temperatures which Thompeon found
or sderted from Keya smd hussmsmn's dete ere  iven in Figure EZc.

Yupther light wes Ltorown on the transformetions of
Rig¥n in 8 recent publicetion by &, Keys snd H. Nakeyema, (3)
They also Tound laal Wie leveling off of the resistivity ve.
termperaeture colincided with the magnetiec (urie temperature as
messured by tie repid drop to zero of the saturation meagnetiza-

tion ve, tesperature curve and thet the leveled~oflfl resistivity
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curve rensined constant for & snell tenmpersture interval after
the lniticl bend gt the vurle lenpersture, wnd Lugn stopted
incrersing sowewhat livesrly bLut with less slope then it showed
wille 1t was stlll ferromagnctic. They brought out the idea
that the Lish tempersture coefficlent ol reslstivity shewn by
the slloy wiille otill ferrome;netic is 2 compon charscteristiec
of ferromagnetics, thet the high resistivity coeificlent Le~
comes gerd Just alter the me netle Curle tenmpersture, and that
the ordering of the alloy bas 1little efiect ovn the resistivity,
perticulerly in the watter of the inltlel vend. iHessoning from
KEeye end Hekeyaoa's snslysis lesds one to velleve thet 1P the
ordered alloy «id not underygo & mesgnetic tranaformation, the
tempereture coelficlent of resistence would Le low sll the way
cown Lo room temypevature, The eventusl plcklngeup of the re-
slativity after svout S00% U inclicmtes tamt &ll of the effect
ol order must keve dlsapypeered, suu the reslsbivity ve. teme
rersture curve is unow followlng & course chsracteristic of the
dlsordered slloy. Thelr messurement of specific heat during
Lhesting &t s rute of €9 C per minute showed & pronounced max-
Jmue st the Curle temperebture (ss simultsneously indicsted by
other properties), and & svmewhst pradusl decreesse up to ebout
640° C, wileh way Le teken 68 meaning thet eneryy was belng
supplied to Lresek down the superlsttice, but dolng it rethex
greduslly, thus sbowing no pronounced eritical points {rigz. 3a),
In their sbstrsct, Keys end Hekeysme wrote, "vVerietions with
temperature o not {ollow Lhe courses suown Ly the Cughu elloys

and Nlgre slloye, the msln dliference being thet in the ceses
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Figure 3. Data Taken from raya =and lakavama's lra;er (3).
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now considered, & relatively larpe temperature band {800 - 3009)
exists witiiin wiich no criticel points sppesr Lo oceur,” 1If by
tirle Esye end liskeyewms mesnt s ¢riticel point in respect to
the opdering phenomena, snc not megnetic phencumens, and by
eritical polint, a temperature st wbich a catastrophic change
(i.0., vate ol change scceleretin, repidly es the point is ep~
prosched) takes place, then thelr dete would seem toc e in
gecord with this conelusion.

Kays and Nekayems heve called the type of order found

in Higin "Hachbarschefteordmung”, meaning vicinal or neighbore

hood order. It can exist up to around 600° (, &= mey bLe seen
in Fipure 3b. They do not call the "upper limit of wvicinsl
order” & critical ordering temperature as did Thompson, (2)
because the ordered alloy does not exhibit normsl behsvior
when golng through the order to disorder transformstion,
it awy be seen in Figure S that toe magnetlc Curle pointe
on the nickel=rich side of Higin are lower then those Raye
and Eussmann found (Flgs. 2¢)e

Host of the Investlystors of the ordered alloy Elgiin
have uged saturetion megnetiration in thelyr researches, L. Vale
entiner and G. Secker (4) bave messured the nomel magnetiza-
ticn and hystercsls curves of Higin and othier mengenese~nickel
elloys in ordered and disordered comiitions, They found the
ordered elloys at end arcund Higin to be fairly wmagnetlcally
Lard, end showliny no unusuel me;netic softness st sll for any
of the elloys investi;ated., The guenched, and therefore dis-
ordered, alloys were found to be ferromsgnetic. Using the

Intenslty of megrstization, 4, st 340 cersteds, they found



14

Lhe masnebie curdie tempersbure oi the £0s ¥n elloy in an
ordered stute to e plout &4L0V L,

reye sod Hussmenn (1) used permesbility at low flelds
va. tempersiure curves in order te¢ cvetermine ithe Lurliec taumyora~
tures of the high nlckel elloys (grester then 804 i) which

heve Curle tempersatures higber than room tempersture in tus

sa-guenched condition, Initisl permesbllilby has bLeen used o
measures (urle temperstures of lerromegnetics vecruse of the
sharp rise to & meximum Just vefore the Curie temperaturc ().
However, XKayea and Kusamann dld not use this methiod for the
ordered elloys around HNiglin,.

A=ray sttespts to find tue superlattice in Higin
Leve been unsuccessful (2}, This hes been veriously attribe
uted to the fsct toet the x-rey scsattering power of mengasnese
and nickel atoms sre elmost the same, snd tov the leck of sule
flcient long-distence order ln the ordered slloy. Specilsl
x=ray technliques heve Leen devised by Investigstors of other
syastems wherelin the scattering power of the constituent atoms
of the suspected superlsttice heave Leen nesrly the same, and
the superlattice waes successiully found. The superlsttice
vuin 1s & noteble example. These techniqgues have boen ro-
rectedly tried in the case of higun without success, The
pecullier nsture of tiie superlettlice ln Nizkn es 1s shown Ly
the emall effects of the superlsttice itself, i,e., abseuce
of propounced enomslios at the critical temperaturs, eto.,
would seam to indicate thet the r'silure of x-raye to isolate

the superlettice was due more to the intrinsic nature of the
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surericttice rothor than to the closeness of the scatitering
rower of the constituent wstous,

The only tnemscelectric evidence ol tue ordering
in Higkn is found in Xeye and Hekeyaua's paper. (O} Ghey
put the alloy into sn ordered conditisvn ot warlous temiore-
tures, quenched, snd messured the tnoroelectric force axe
erted by & couple of the ordered slloy and & speclinen of
Gisordered alloy between O¥ ({ and 1009 ¢, when ordering
hed not teken plece, the thermoelectric {orce gencrsted
was gzeroj when 1t had, an emfs of up 0 0.7 mve. wes gener~-
ated, depending on how well ordering wd teken place., They
found measursble emf's, sterting et aboub 600° ¢, the enl's.
rising sherply Letween 600° ¢ snd BO0° U, and leveliny off
below 500° ¢ (Fig. 2¢)s ‘1he data showed considerabvle scat-
ter, and no particulsr ¢riticel polnts could be detected
below 600° C., This indiceted thet they found no thermo=
electric effect &t the megnetic Lurie teujperature. Talt (6)
has found discontinuities in the curve of tuermoelectric power
ve, tempersture et the mugnetlc Curie temperature ior noraslly
ferromagnetiec materials,

In gsummery of the publishied dete cu ordering trane-=
formetion in Higin the following polinte are civen:

1, Hangenese-nickel slloys in the vieclinlty of iigun
(25.785% Mn) undergo an order-disorder trensformation when

heated between 3509 { and BOO® (4
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£. The ordered slloy 1ls ferromsgnetic, and the

Giscrdered slloy 18 rersragunetic,

S The Uurle tempersture ol the lerromsgnetism of
ordered ¥l,kn is about 4509 ¢, and is lower for ordered al-
loys on the nickelerich slde of Higlin.

4. 7The order-dlgorder transformation is not of the
usual type whereln the degrse of order cecresses catastro-
vhilcally at the critical tempersture, Lut the degree of order
geems to decresse in & gradusl menner as the Yeritical tem~
peraturs” of sbout H00° ¢ 1s approsched, showing no anomalies

in toe trensition from order to disorder.

Le Hieh freqguency Incductance Messurements for ss;uetlc

Fropverties.

Inductonce messurements on colls with test cores in-
zilde ol them hsve frecusntly been used for messuring pegnetle
rropertices of the materisl of the test ecore. L. ¢, HcKeehan
{(7) writes:

"{re inductance of & coil of wire depends upon

the magnetic guontity of everything within its peg-
netic fleld, &n inductance Lridye is therefore an
extresely senaltive vetector for changes in the mayg-
netic enviromment of one of & peir of coils for
which the brid,e has teen balenced,"
lecording to KeKeehsn, hughes (8) first spplied thile method,
modern aspplicetlions being descrived by A. Cexmpbell and
e wielinheus., These Investlystors have used low frequenclies,
end nave ettempted tc ellminste or evaluste the relatively
amell eddy current efiects vbtalned., V. he Gottschalk hes

usad the inductence o & solenpic with test core inserted atb
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frequencies of sbout 40,000 cycles for lnvestigsetlng the [roe
dusction of ferrome netism in the ternary elloys of iron, mane
cenese, and chromium ().

Ve e Legg (10) hse published methocs for measuring
manetic rropertics of leminsted sunular cores of clrceular end
souare crossesectlon using slternating current. Lepy jives
methemsetlcal mothods and experimental procedures for the de=
termination of the fundementsl quﬁlitiesz Fermeatillity, ef-
fective resistance, induction, and magnetic {lield., Unavoldw
able effects of eddy currents and hysteresis are evalusted,
in kis experimential procedures lLegy atteanits to minismilze eddy
currents Ly leminsting the core,

weversl investigstors heve, however, used the eddy
current effect in thelir methods. For example, <. d. Sryant
andi Jdeo wae weleh (11) heve used tebles of the incresse in ef-
{fective reslistance due to eddy current shlelding Iin wires
heving hich {reguency currents psssed through them, Thelr
specimen wea Iin wire {form; and consisted of & few turns of
wire sround & thLin ssbestoe form. oryant snd selch have
uweed the gewﬁéllad,“gkiﬂ eifect” in & lerromesgnetic condug=
tor as a caslis of thelir eypplicetion of eddy current shlield-
ing to mesnetic messurementsy many other investigstors have
vone the sume, notebly Ven lLenchner, (1&) G, Fotepenko and
it sanger, (1l3) . vecker, (14) end K, Ereielsheimsr (185) to

wentlon four of the meny repors.
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Meny other investi_ators heve used the skin effcct
or eady current shilelding indueced in e coll transversed Ly
very high frequency. VUsually the ¢oill is &n oscillstory
coil of a high freguency trensmitter. The change of Induc-
tance changes the irequency of oscilletlion, which mey Le
evalusted by heterocdyning the sltered hign frequsncy wave
with sncther high frequency weve of the orlginel frequency,
i resonance method 18 also used to obtain bthe chan.e in Tre=-
gquency. irom thils chenge in irequency the chenge Iin inductance
of the coil is celculsted, and from & suitable mathemstical
snelyels the permesbility of the core material may be celous
lated. 2 good exenple of the use of this methwd is iven by
Ue HRe Welt (16).

4 method for determining eleetricsl resistivity oy
eddy current shielding wass proposed by W, 3, Eouwenhoven (17).
Eouwenhoven used moderstely hisbh Ireguencles correspondlng to
& depth of penetration of the mespnetie {lux of & solenoid ine
te & test core of 0,117 cm,. or less, lils method used the dise
tribution of flux in the surfsce layer occupled by the {lux
and in the surroumding elr space to caleulete the Inductance
of the solenoid. The equation derived contsined resistivity
and perweabllity In addltion t¢ ianductance and Ifrequency.
Fouwenhoven applied his eguations to nonemsgnetic meterlisals,
where the permeabllity wes l. &ince Zouwenhoven's analyals wes
used in interpreting sonme of the data to be presented, end will
be given extensively later, no further discussion of it will be

nede.
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Ao Hiph Freguency rsesurcuernts.

The inductevee snu elffectlve repistonce of 2 wolenoid
vhen e rod of the mepcetlis rabtsricl la inserted wep Used 4o 1ln=-
dicote masmetle rropertloe,  In order to undoersicund wiel tuese
guantitise mean In terms of the custousdyy mugneilc yuautities
sl concepts, & shord revisw of the analysls slven by We Be
Kouwenhoven {(17) will be prescnted, /.8 & busis ae used the
bBessel functlon soluticn of the diliffervntisl equations gove
erning the ailstribubion of nognotic flux @ 4n & round ber.
This solution 18 rather complicated end was considerably
almplified by consldering the fiux to be uniformly distribe
uted in & nsrrovw ring on tie ocutside of the bar, This re-w
quirement 1z sprroasched when high requency fields sre used
due to the well-known skin effect., The spproximete equation
waee

b - zevd - senrd B

where the factor QﬁWﬂ% iz the area ol the ring of flux,

Bg is the flux density st the surface, d  is Haxwell's equiv-
clent penetration of flux end is bessed on the srtifice of cone
sidering the flux ss uniformly distributed over J , 4 is V =1.
The mesning of the equation is that the flux is composed of &
real snd an imsginery pert, the real being in phese with the
exciting current, a&nd the imeginery lsgsing vy & phsese angle

Qf%n
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The equivalent renetraticn of the flux Into the core

is . iven by Haxwell's iormuls

\ P 5

1)

where 'f is in abohms per Cu. CHm.

i1

5 yz
50335 ;??) where f is iu ohms per Cu. G,

Celculeations fropm Kouwenboven's frequency vé. resistivity re-
quirarents Iindicete that é 2 0,177 ¢m, f{or arn apprroximecte
zolution to the sessel solution to be correct to 20.1s,

vuen the solencid ses no metsllic core tie lncdductance
ig glven Ly

L, = (§%§> N = 'dﬁ& nenrys
:<Bs?m hJX|68

henrys

where g is the flux density in alr, 4g = earea of cross-zection

of the solenoild, With a round core inside the {lux will be
siven vy @K,*'@?c s Whore @)r is the lux In the cors end

@) outslide ¢f tbe core. The inductence wlill now e siven by
C
-8
L - (é&;i.ﬁh) N x 10 henrys
™ I
-8
= (@,r N N) *10 henrys
1 1
| _ S = S _
but (@Y—~(2ﬁ*72)f\55 MrombBe o d = (Ra-Rp) By

where J%[) crosg=-sectionsel area ol (le pod

' 8
then LW\: lﬂYS//\XBSN *(ﬂa”ﬂf)BsNxx\o henrys
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N -8

Enowing thet L = B 2@~\ X 10
i1t rollows thst [ L N PR 6

Lo Ra Ao
s gl 2 . w 2 = Ty A
snd since Y eres of Lar, L,

L  wdRe |, AL-Ry
gubstltuting Lo Ho.

= vy R
- 5033 | &
o ° M+

Lo | 5033 Ry /?ZS A Ao H
I

. - v R, Ho.
Ay L
or L= 2033 P e JPu L R Ry
~ y B 4+ R

= SomyWr VYa [Pu 4 |,
Ao f

The above eguation relates the resistivity and permestility
of the rod to tihe measured inductsnce of the sovlenolu with rod
inserted et freguency f and the physicel constunts ol the sole~
rold end rods The eguvation g8 plven in Rouwenhoven's japer was
grroneous in that the permeablillity wae lven 1ln the dencnlinstor
of the frection under the sguere root sign instesd of in the
numseretor., This mistske resulted from Kouwenhoven's not multie-
plying tihe surfsce flux density (reslly tie eir core flux dene
sity) &y/p\ o +<ince Kouwenhboven was interested in detsrmining
resistivity of nonemagneotic meterials by this eddy current
sinlelding metlhiod, wherse M is elways unity, this error <id not
affect his resulta,

The solencid whieh was used in measuring the msg noetic

properties sz & function of tempersture was necessarily
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relatively short, Hence, these eguations cannot Le spplied
with scoursey, and in order to caleulste permeablilities, a
calibretion of the sclenvid sgeinst non-megnetic materilsle
whose reslistlivity 1ls known cen bve made, & procedure which
could Le followed in this case would Ue to convert the sbove
eguation to tiie fom

2
= (Lm —\1 !
4 <1rra7

where L _ = EEL%;EiL\“R

The constent K conteins &1l guantities in the equetion wkich
sre held constant including the freqguency., 4 difliculty sp-
jeers in the use ol this equatlon beceuse Iy end Ly are of the
same order of megnlitude for non-ma netic meterisls and conse-
guently the induectence msasurement must Ve made to an sddle
tional degree of precision over thet used for ferromsgnetic
materisl where Ilm - Lg 1ls comparatively large. iLince the ine
ductance of small air core solencvids is of the order of a few
bundcred microhern:y:, the msthod of wmessuring inductence must
be capable of an sccursey of 0.1 microhenry if 14 precision
is to te vesllized In the calllbration, Thile desuree of precl-
sion wes not savallable with the inductance messuring sgulpe
ment used, 4 celibretion to within ebtout 5-10i relastive
gocouracy can ve made neverthelesg, or the theoreticel con-
etent may te ¢aleculated snd used. It must be steated, how=
ever, that when the permesbility of & magnetic material is

calculsted using this equsilion, the d.c. resistivity must
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heve heen previously determined. Hven il & callibration of a
low order of sbzolute precision was used, there may ve cualcu-

lnted relotive values of sprroximate psrmeabllity whosoe rola-

ey

Live precision is compsretively (Ood.

it mizht be steted thetl louwenhoven's eguation nwolde
enly for nonemegznetic materiuls, because only the eddy current
effect of high frequency flelds was considered. #. Secker (18)
hes coneluded thet the vehavior of ferromagnetic Lodies in high
freguency slternsting fields is completely determined Ly the
eddy current effect.,. It is true that the frequencles becker
haed reference to were no doubl higher than those used in the
present investijation, but it is Lelleved tihat tie eddy cur-
rent effect 1s the prinecipsl fuctor effecting the induetence
woessuronent, Apparenily hysteresis and other mes:netlc eflfects
are of secondary lmportsnece in reference to inductence; this
certeinly da not the casge wilh other masgonetic quantitise like
eifective resistance.

The other hLish frequency qusentity neesured in this
wOrk was the eliective resistence ol the solencid, Lysteresis
and eddy current effeects In the core of the solencld, which
make wp the principsl me rnetic losses, very markedly influ-
ence Lhe elfcective resistance of the solenvid, The incresse
in effective resistance of the zolenvid when & sy uetic core
wes lnrerted cver tuet of an elr core nay be token e8 8 nese
surs ol e pganitude of the we notle losses in the cora. O
sbtienpt wes wede Lo sepsrate hysteresis ande eddy current losses
the sum ol whieh lg contained in the ineresse of effsctive ree-

slstance,



Le Masnetlizatlion and Hysteresis lessursments,.

Twe inportanl messurenents of the mugneiic properties
of matericls cre the determinstion of the normel megnetization
curve angd of the hysterealis loop. The theory and signlfilcance
of tucse curvee are well known and will be summarized only
welcellye Yipure 4s rhows the tyrlesl form of & normsl magnete
Izetlion curve and hysteresis loop, and a typlicsl permeabllily
ve, zesnatic fovrce curve for ferromssnetic meterisls. The
guentitics uoually deterrined are shown on the diszrsam,

smagnotic fleld fs veunlly expressed in oversteds, eand
meghetic locduction In pausnses, Loth cuentities hevin: the units
mexwells per square centlmeter. ideferring to Figure 4b, Hpgx,
is the velue of the maximum {leld atielned, bmgw, '~ the induce
tion correaronding to the moximum fleld, Ly i the megnetie
remanence left alfter the mecnetic field hypy, 18 removed, end
Heg, the coercive Iorce, is the negative lleld required to re-
duce the residusl magnetism bto zero. ieferring to Ilgure 4D,

is the prermeability of the meterisl end is deflned ss the
retio of normel inductlion to fisld, A = g, Mo ie the Inl-
tisl permenbllity, which ls the limiting slope of the Ueil
curve as il approached zexre ileld, M max. is the mexlmum
valus of tﬁﬁ*% ratio,.

for maasnetlc softness it 1s desirable (o have high
Inductions at low {lelds, or, whet 18 tize same tilng, bLiigh
permeabilities st low {lelds, and to hsve low valuszs of the
coercive forces. The eres enclosed by toe hysteresis loop la

& measure of the energy which hes been dilssipated in the fornm
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of keat when the me netizetion hes been cmrried through one

complete cycle, end 1s given by the equetion
Q=;T\_1T§H&B

where . is cnecsgy iloes 1o ores poer cuble cevitiacter of tlo see
tavriaie. it is8 ceslrsiie Lo beove low hystoresls losses In o0l
megnetic nateriale,

~Gunetlicnlly Lirpd milerinls sie tialtctorisoee Ly Liigh
coerclive ferces. e menisan velue ol o product of o anu E
on the dessgnetlestion cwve Lelween Up end iy i1s often lLeken
£s o measure ol pagnebtlic hurdness,

in meesurln, the pormal megnetlzation curve and
bysteresis loop by wmvens ol & beallistlec gesivanometer, wse is
nede of tize £bility of thig instrument to deflect throvugh an~
gles proportionsl to the quentity ol electricity discharged
througt ites oclil, he lnstrament s usuelily used In bthe crite-
icelly weupew (slectricel) conditlion, or in & sliphtly under-
damped condition. With the realisteance in the gslvanometer
cireuit of such & mepnitude se Lo produce the desired denpling,
g calibrstion of the galvanometer is nmade Ly dliseharging known
guentitlice of electricity through the gslvanometer coll and nese-

suring the deflection.

Lo wlectricel nealstivity xessurements.

The slectricel resistivity of & rod of wmaterisl of

unlform cross~sectlion may be calculsted from the equuation

_RA
J= 5
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wi:iere SD is the resistivity of the moteriel In olms per cublce
centimeter, I is the resistance In ohms of the rod between two
yolnts on it, £ 1s the crosse-gsectionsl eres of the rod Iin sgueare
centimeters, enc | is the length in centimeters tetween the two
pointe on the rod. Leslesbivity Jg s specilie property oI & mee
terial, snd is & charscterlstie of the materiel in eny siuyc.
Rethods of determining reslstlivity by use of the above
formule vary in the way the resistence between thc two polnts
elong the rod 1s messured. The reslstence is ususlly guite low,
in the order of a feow thoueendths of en oim, end methode of ree-
curately messuring very low resistances must be used, Two sult-
eile methods of wmessuring low resistances are tne lelvin bridge
end the [otentliometer wethod, 7The potentiometer method, which
wes used in thils work, consisted of passing & current throuwgh
the speciren snd through 2 standerd resistence, wnd msssuring
the voltege drop ecrose eunch with the poitentlemcier. The spec~
men hes otbached to i, or is resting on, two potenticl leads
& known cistance eyert, The potential drop soross the siendard
reslstence, rmessured Ly the potentiometer, rskes unown the cupr-
rent flowins through the specimen, I = E;m The resistence of
thie srecimen Letweoen the jpotentisl leads mey ve computed {rom
thie veltsge drop scross thew, w2 measured by the potentiocmeter,
& = %u Verletions in thie nethod mey be mede by substituting
& cslibrated summeter for the standard resistence~potentiometer
combinstion in order to meassure the current end by substitute
ing & ¢eslibreted millivoltmeter for the potentiometer in order

to measure the voltage drop across the specimen,
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De Thermoelectric Force essurements.

The theory ol thermoelectric forces and thelr messure-
mont are well known &nd will not e gone into here. it is per-
tinent to ssy thet the thermoelectric force ls a structure
sensitive property, which will probsbly chanyge if one of the
component metals of the couple undergoes a structure transfopre
mation, & Curie transformmation (ferromagnetic to paramagnetic

conditlon), or sn order-disorder trensformation.
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£, High ¥Fregueney weesurcment of inductsnce and Lffective

ﬂesishaﬁca,

The Owen's bLridge veys uted for these messurements.,
It measures induccance in ferms of resgistence and capsclty.
The dleagrsm shown below illustrotos the componente of the

bridge.

—_— ., o———
Osc,

The belance equations ere

L= CpRLA = A5)

Cyldg + B) = Cgit

In order to get velues of A - Ay with at least three

significent figurses for tue laductsinee renge of 100 - 1000
ricrohenryse, whlech was that founu for ths solencid with rage-
netlc rods inserted, 1t was necessary to uvie & (g of at most
0.001 microfarads, in order to cobtaln the sensgitlivity found with

ooy

a belanced bridge, en R of 1000 ohms wes necessery. Using a
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etanderd condenser for (g end & standard reslistance for #, and

determining Ap by shorting the inductance to Le messured, no
calibretion would apperently Le needed., The 0,001 microfared
condenser used was of good guallty, made of mica, but wes not
& culibrated stendard, A4 callbration scheme weas therefore noc-
essary. Yor thils s standerd varisile inductence was used.

ihe squation for ilnductsnce tlierefore bLecame L 2 K(A - Ag).
severel values of inductznce on the varisble induetor were
uged, A-values Lelng teken for eschs Uslng an Ap found by
siicpting the Iinductor did not glve constant K's, Concordant
velues of B snd i were calculated by solving the equations

K — Ll = __l"__a,_..__ = M‘;—__l_ - . . .
Rt——ﬂo Azfﬂo R.-A_ ’

In 1llustretion of tinis the following teble and calculstions

sre shown

L - appl, i A
microlienyys " eyl
&00 045,82 {(lest significent
400 451.8 figure estimated
SG0 LY I
&S00 = 400 = 200

545.2 - hg 451.8 = Ao EG7 .5 - tg

(ho)y = 7842 Ky ® 1.069 Ay T 76 + 1 olumse
(fo)g B 7640 Kg 3 1,066 K = 1,067 * 0,001
ligls = T4,y Ky = 14067

TEed BV, 1.067 ave.



51

Thus, in estimsting the erroy in e lven caleulation of induce
tance we may teke & typlcal value of & g GO0 oims, ine frage

tionel erroy in inductence would then ve

L \ 2 0.00 2 —8
AL ( 00t = 0.0025 or 0.25Y
’\J/i500a1;> N "061)

L

The maxlmuw error will ccour et the smsll velues of & - Ag,
& tyrpicel low velue of 4 suci &8 would be lound for & metal
aifter 1t hes pessed throush its Curle polint is about 220 olms.
The {rectional error in inductence will be egual to the {rec=-

tionel error In & - 4, in this cese, or

! 2 of
S U — ) 0N /e
\/—(220_7() = O0.co0\ ov A

This ig a smell enough error to Le neglipivle 1n the process

inductance vae, teuw

of rinding vurie tempersiures Ly plotting
perature, In the csleulation of permesbllity the frectiopal
error in inductance, slthough tils ters le squared, hes less
effeot on the irvectional erroy iy permosbllity than the uncer-
teinty in the cslloratlion constants ss mey ve geen Iyom the

fullowing celewlations
2
{

—_ LM" Lc- ———
> 2
AaM | |2 A (\"“;;\\:‘) v Pv A X S)} 2ﬁ2 x cs.ooﬂl+(o.05)l

v
= 0.052 ovr 5%

The second ol the belance egustions lor the lwens

Uridge enables the calculstion of the effective resistance
of the solenoild to be mede. solving tie eguation through

for sg » . = YER . 4t will te seen that tho sum of the effective
“1
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resistance ang the reading of the o resistance decades will
e conetent, When the lnductance is shunted 1t ney safely
be szsumed that the effeative resistance is zero, hence the
reading of B in thet cese will Le the vslue of the constant.
pxperimentally, & vacuum therrnocourle is 1in thet branch of
the bhridge, but since its resistence xey be consildered cone-
stant the sum of hyg + U will s¢t1l]l romeic constant, hen R
1s 1000 ohms and {3 snd Cg are 0.001 AAL condensers, fy, + U
will e sbout 1000 ohms. The meximum error in the sssumption
that the effective reaietsnce of the shunt 1s zero is sbout
1l ohm. lience the relative error in effective resisterce is
genout Oeliue

since inductances of from 100 to 1000 microhenrys
sre relstively small, the freguency of epplied oscillation
must be kigh enouzh to meke the inductive inmpedance of the
solenclid en sprrecleble {sctor iu the sum total of the ime
redances 1ln the Lrlidge. Thus, at 50,000 cycles sn inductance
of 1000 mlcrohenrys has sbout 300 obms inductive resctsnce,
inother conslderstion in the frequency to Le used comes {rom
the miniwmum penetration of magnetic flux into the core, upon
which the spproximate solution to the Zessgel function,menw
tioned in the theoretical section, is based. %his minimum
yenetratlion was 0,177 cm, Thus, with & reslistivity of sbout
50 mlcro=-ohms per cublc cme. and a permeability oi about 1000
tite recuired minimum Ifregquency according to Ssaxwell's equation

2, 2. _ b
would ve ¢ = (%233) S . (5033) x Soxio = 40 cycles.,
§ '

o-n" \eoo
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with the same resistivity bubt & permeabllity of 1 tie regulisite
frequency would be 40,000 cycles. Thug, we geo that (o take
&¢ll poseivle conditions intc considerstion e reguency of at
leasst 40,000 to 60,000 e¢yvcles is needed., These (yeguencles
were used throughout,

The bridge which wes used was slhijelded from stray
redistion scoopding to e scheme proposed vy Jd. Ue Ferguson (B).
This solhieme together with & lletling of the sctusl eguipment
used in the bridse, oscillstor, and detector is shown in
Figure 9.

In order to determine the sctusl ileld insice of tihe
solenoid & vacuwum thermocouple wss inserted ivntoe the branch
of the brlidge contalning the sclenoid, This thermocouple was
calibrated sypinegt deso. current. oSince such a device operates
on the heating of & very tiin resistsnce wire to which 1is
welded & minute thermocouple Juncilon, any . iven thermoelec~
tric emf. geneorsted by the couple corresporveg Lo & gliven ueat~
Ing current. 0 salternating current the hesting current is
properticonel 1o the root mesr asguare currents, unence, toe d.c.
celibrating current 1s eguivalent ¢0 & root weun agusre nlgh
Freguency current, and 34 a slnusoldel high iregueicy current
le essumed toe paximum megsnetizing cwrrent passed tirough the
solenoid mey be calculasted by multiplylng the root mesn square
gurrent %y\fg’. The maximun {leld genersted Ly the solenocld

may be caloulated from the eguation L o= ﬁ“ﬁimﬁz'{aoa(bl - cos®ple
fhis sqguation eunables one to caleulsbte the lcld st any polint

inside or outslde of the solenoid along its exls, &’1 and G)Q
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ere the angles mede by the point in guestion with the two
end peripheriecs of the sclenoid, Y,g., 38 the maximum value
of the meznetizing current 1n‘abﬁm§$rmm~(am@@raﬁ/lﬁ}, and

n iz the pumber of turne of winding yer ore. of length of
selerncid, The sctusl distribution of flux Iin the solenold
sg calewlated by thils formmla snd the veristlon of 1t with
current ars shown in Fligure lE,

The pormeabilitlices of zoft pagnetic neteriele rise
sheprprly with pegnotie fleld et low [lelde, ond sccording to
the ecuations developed in the thevveticsl sectioun on high
requency messurencentsz, thles shovld bve followed Ly the ine
cuctenes, and probebly the effective resistsnce, of the BoO~
loncid, IDzesuse of this It was stbeppted to keeop the meaxie
pwr value of the sltevrneting fleld consternt 2t shout 0,76
oersteds, wilch corresronded tuv & Heu,o, current tursush the
selencld of 12 willllemperes,

in determzining the Curle point from pormenbility
{or dnductence, 1o thlies case) ve., besperature mesaurements,
the guestion of chicosing the exmcl point on the curve is
cren te & certuin oxtent - as, Loy exanyle, whethesr to take
O. sa the temyerature corresponding (o the pgrestest negse-
tive sloype of the M ve. T curve oy to tuiie it uz the tempora-
ture corregpondlng to couplete dissppesrance of ferromagnetism,
Tiie lormer slternstlve iz wore commonly used at proesent, uvut

in this peper the latier, oldor mebthod will Ue followed,.
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e wepneblc Nesgurements with selllstic uslvepcmeter.

_ i verastlile clrewilt for those measurenments was de=-
gicued wileh jermitted, by sultable switching srrangements,
the domogretizeticn of & ring syeclimen from asbout 40 cersteds
tu about 0,01 ceratede, determination ¢f the normal magnebizes
tivi: curve et sny {ield up to ebout 40 oersteds, determination
of the normel maosnstizetion &t ten predetermined {lelds, orxr
the determi clien of the hysterssis curve st ten predeteoranined
ficlds vy to svout 40 oersteds., Thie circult 1Is shown in
Figure O, |

The speclmerns were toroldal in form. A torolid is
ths 8018 gencrated by revolving & circulsy or sguere area
sproand an axis oubside of the grea. The speclimens used were
aguare in crosz-section, vtecause of the euse with which they
m&y L6 made by ceating and rolling out a plete of the meteriale~
whose papnotic jroperties are to Le deteoermined, and machining
8 ring frow the plete on 8 lethe.

wne procsdurs followed ir putting the windings on the
sreclimen wes Isproved s pore sprecimens were yprepared, The
most satisfectory method was to first insulete the specimen
vy & layer of scoteh mesking tape, o secominry winding ol Ho.
S0 cotton covered, cnsueled megnet wire wag wound around the
ring, & second layer of scoteh masking tape was wound over
tiids, end taoen the prinmary windling of Ho. ED cotton covered
enameled augnet wire wag wound around the rinsg, After the

secondaery was put on the specimen, it wee costed with a tuin
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leyer of clear glyptel cecent; glyptal cement wase ulsg coated
over tie jrimery windlng., The resson for puttling the (rimsry
winding on the gutelide wea to avold the excessive Lesting of
the speslbren which ocourred when the primery windlin: wes Iin-
slde voth the secordary winding end e leysr of scoteh masking
tepe.

e theory of bellistic megrnetic weasuresents using
e bellistie gelveromoter and & rlrg especisen le relatively
simple, The principles set forth by T e %2ll {20) hove for
the wost rart been followed, His civeulte heve been changed
somewhet, but ere fundamentzlly the seme. If the ring specie
mer hes en everly wound primery winding, the megznetiziry fleld

xey te caleoulsted from the eguntion

g oo test 1, v,
P

where H la2 the magnetizing i'leld in oersteds, Iy lis the primaxry
current in amperes, wi is the number of primary twns, end Ly,
18 the aversge circumfercnce of the ring. According to He Le
Senford {(£1) the Ilux density will be uniform throughout a
oross-gsction of the rings to within 0.3% 4f the ratio of rae-
dial thickness of specimen to sversye dismeter of specimen is
1:10, This ratio wes used in the deslpgning of the ring speci-
nens, The induction on msgnetizing mey be calculsted from &

reversel of the {leld by the eguation

R, b d 8

X 1O
anz

B =
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where & ls the induction in ymuses, Rg 1s the total resistance
in ohms in the secondsry circult including that of the gmlve-
nometer, b is the balllistic constsnt of the ballistic galvee
nometer in coulombe per mm. deflection, & is the delflection of
the galvenometer in pm., A is the cross-sectional ares of the
specimen, and wg 18 the number of secondsry turns wound around
the speclmen,

in determining hysteresis loops the swiltehing arrange-
ment wes such that the {leld could be chenged repidly from &
meximun of 30 ocersteds to any one of nine predetermined posie
tive fields, zero, or any of the ten corresponding negative
{ields ircluding ~30 oersteds. The change of induction re-

sulting from one «i thwese chanzes of fleld may be calculsted

oy AB: vr%—lz;f \AIOg

where the guantlities Lhave the same signilicance s 1s izlven
&hovVe.e

The slide wire and perellel reclistor switching ape
ransevent were constructed, The slide wilre was 1 meber long
smd made of Ho. B4 gas. constanten wire, 1ts resistance bLeling
about 1 oluss The slider was mede of 8 smell bekellte {omm
conteining & poel of mercury to insure . vod electricel con=-
taet betveen the woveble contact snd the wire., & meber ctick
wae mounted below tine wire s0 thel thie voliages droy could bLe
vuriod uniforrzly. The resistors in the rerellel reslistence

erren. ement were o set thst the sum of the nunber whose
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switches weoere closed pave ¢ pripmery cuwient eguivelient to &
deslired ield., Thue with the lirst ciosea, the LVield was
0,1 cersteds, with first twu closed, C.2L oervbeds, with
Firet *hreo closed, C.0 Ocruteds, enb s0 Ones ke resiste-
ence iy was sebt #o thet when the swilleh which anhorted the
perellel resistors was closed, tue Gesired maximun fleld
would e obtoined,

The _rocedure followed for tue verious kinds of op-
erations wes:

1. Lame neblracion. owiteh sw 4 18 thrown Lo the

ri ht, #%; 1s »t zero resistonce, and iy, is set at & position
te “ive a curront thwrowgh tho primery slightly greater than
thet eculvalent bo the Lighest Ileld to Le used, and Kv £ is
closed. (w £ 18 reversed st a rste of ebout 1 cycle per secw
ond while &, is slowly decrcaced (to the left). After Lj is
a8 far to the lelt ez possible, W' ls slowly incressed to
ite limit, The gpecimen 1z then tuken as completely demagw
netlzed,

2. Hegnetizstion Curve Uslng Slide sire. The

gwitehes are kert 1o the sswe position they were In during
demngunetlizeation, The cursent throwsh the primury is incvessed
%0 8 velue eguivalent Lo the Uiret cesired f(lield, snd tne re=-
vorsic. swiltoh sw & is reversed about ten times to .8t the
spocinen fn s cycelic slete at toe desired {ields, X 1 1s
cloved, Lw £ 18 reverscd sherply, and tue throw of the gale

vanometer read, Lw & 1o reversed, X 1 c¢losed, snd sw £ 1is
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reversed sherply in the opposlte directiocr, and the throw of
tie galvenometer resad, {(Lobh ol the gelvenomeltor throws will
e 1o the sesme directivi, ow © veluy «ept iun & poalilon Lo do

this. The galveromelter serv wes set uver Lo the left ol the

scale, mud wall tLrows were naae o tue rahit. Lo palvanoine

sLer was ocellibreted ior throws to tuuw ri ut)e The current is
toen increcssed Lo tast eguivelent to the aext desired [leld,
gizgt tae proceduwre 18 reposted.s

e Hegnetizatlon Curve Lsing israllel teslistor hpe

rencesente 48 1 is open, All ol the resistances i i, are

opens Ow 1 1s thrown to the lelt. {ﬁp}l, corregronding to
the amellest desired flield, is elosed., Liw £ 1g reversed about
ten timee to obtein e ¢yeclic condition in the specimen., £ 1
is closed, sw B is reversed sharply, snd the throw of the gale
vanometer renl. o Lhirow corresro:ading to an oprposite throw

of sw 2 is tuen oLlaidned., (& the next resistor, is put

pla
into parallel witi Lhe flrst by closin, its switch, thus nake
ing the current egulvalent o the next deslred [leld. The

procedure followed Ior Gie first fileld is raojpesnted. ALl the

other switches in %§
nometer throws o Le guteincy for sech {(ield.

4.

gre closed in turn, thus onabling gelva-

sygieyeelices fL1L of the pevellel switches are

Cpened. ks 1 la closed, o the fleld is I e w2 le

BR
reversed seversl times, le 1 iz clored, sw © is orened, snd
the throw ol the grlvenomoiel tirow resd. v £ lg thon closed

to the othoer sode, g vue gelvanvoeter tnroaw 1 rosd,
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AB,
a8

N/ /
u/u_ i
I

Thus, AL deta ls vblained Ior esohi I'lslu, rnelstions

walel permit toe calouldstblon ol Lygy, 8nd Lp are
_ AB. 4+ &b

A
B B, = LD +2 B,

MAx.
_ AB
BMax.+ Br" A53+ 4
Ly averaging the dats,
B _ AB.+A81+A65+AB4}
M A X, = 2 RVE.
AB
5 ) [AB3,+ ABH\} nve. ~ LAB 2| nve.
v

2.
welatlons rermitting the calculation of the o's correspronding

o i, end to =iy ere

(B)Hx= BMAX.—‘ A B\
= B}. + ABZ
or (B)H = Bmax. + B, t FAN Bz_ - A B.
x D)

(B, - AB, -

"Hx‘ BMA’\.

= B\- —ABj

or (B)_,Hx = 8\' - BMHAA B A Blf - A 83
2

Yhe coerclve iorce is ilounc irom & plot oif tie L=k cais Obe

taired, fhe rest of tee hycteresls looy is crawn {rom sym-

mebry.
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in estimebting the errors of these messuresments it is
euslly seen thset tue greatest source of error is the bLellistic
galvenometer. The error in field is reletively amsll even et
tiie low {ield strengths., According to Te. V. wall () the de~
magnetizing factor for s ring speclmen is zero, and hence there
gre no {ree poles luduced in the grecimen to reduce the {leld
to & lower velue ionan that celculsted. Iif the srrors in the
guantities of & = 1.2514LL23 are 4 to :u.ﬁg, w; to 3@.2%,
ord Lo, to 20,24, 6ll of which precisions ars easily obtaine

sule, the percentsze error in i is

AHHX‘OOz\/O—'52+O.22+O.aZ = 051-\0/0

The deflection of tine bellistle gulvanometer can be resd with

e precision of 20.2% for s deflection of 200 mm, &and & pree
cision of 24% for e deflection of 10 mm,., asswning thet O.4 =m.
moy bLe esally detseted. The calibration from day to day may
eiiit somewhat, sometimes ms much as 224, Hence the coungue
tation of =2 from B z 52 x 108, where the orrors in By,

P AWQ
i, 27K Wy BXO negli;ible will be

-%ﬁ x 100 = /27 « ,22 = 2i meximum for s 200 mm. Geflection

ﬁ%ﬁ.x 100 £ /82 & 4% 2 4.5 meximum for & 10 mm. cdeflection

Lo idsesurenent of Hesistlvity.

Le noom Pempersture wossurément ol .eslstlivily. The

arvangexnent ol potenticameler, stendurd resisteunce, spoesiaon,

resictors, ete., 1z shown In rigure 6. The zpecimen rests on
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knife edies which ere connected to the enml. terainsle of & tyre
i potenticmeter. Jhe distance spert of the knife edges wes deo=
ternined with & 22 cw. veraler callper, Jtarrett ho. 122 &, snd
en oiumemeter connected sercss the blesdes. when the calipers
aad just wade contsct with toe lasice of the vindes, the ol
meter would swing from an indication ol infinite resistance
to en indlcation of & very swasil recistance. This alstance
pdue tihe thickness of vne blede wes taken ss tie distence
botween Wie Anife edyos. Current from & 6 volt bLeltery wes
lyasaaa thirougt: 8 current controllin: jerellel set of rheo~
stots a stonderd O.1 olun resisterce, smi the siecimen. The
doutle pull double throw switch wes set to arply the rtendsrd
registance potential leads to the enls terninels of thie po=-
tentiometer, which wes set for & bLslsnce et eitier 2-1/2, 3
or 4 sxperee, and the rheostats were adjusted until & balance
wes resched. The potentisl leads of the sieclmen were then
ar;lied to the emf, termlneals of tie jotentilometer by means
of thwe switeh and the voltesge drop acroes the known dislsnce
between the knlie edues when tue known current wes raassing
tirough thie srecluen was deterwined. The crovssesecitional
aresa of tine rods wes determined with & zood nlcrometer cale
irer, &=1l/& cm. ctarvett ko, Q00 de Llter obialnlng good
chiecks a8 to the resisitance of tie roud ot seversl currents, the
resistlvity wes csiculeted fren f= E?E {gee tisoreticul sec-
tion, pert C}e Since 4 1s guod Lo :w.lﬁ snc A to :Q.lﬁ,

Jf 1a . o0d to .12~ .12 = Uedbse

Lo Hivh Temrersture dessuresnent ol uesisbivitve. The

use of knife edges or sicllaer devices wiose length mey Le mea~
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sured Jdirectly was not conslaered [eanible 8t Ligh tesperziurcs,
£ zetislactory substitute for this type of potentiel lsade was
g paly of Leavy conteclts fesstoned fimely on to the ¢poecluen Ly
get serews. The esguivelent lengli bebtweer the contaols vnes
caleovleted Ifroc the resistance vetwesa thewm, a8 messurel Uy aun
spmebor-potontliouncter method et rovw Lemperaturs, snd ths deta
ottained Ly & previcus deltcraiiatlon et rovm tempsralure Ly

Le roteantlometer wetiind above. Thus, il dy was the resliute
ance found Lebween the hsavy sontects and hQ—hhat sehween the
knife edges of distance spsrt L cm by the Girsct wmetliod, the
eguivalent longth bvebwsen the hesvy contectes ls

Rx

0« B0, e

Thia length was sssumed €0 remain constant at the hlgher tamw
rereture, which 1t will to 1% at least. Then, in order to
neke & messurement of reslstivity &t higher tempereatures, a
current I 1s passed through the specimen, and voltage Va

found between the potentiel, The resistivity is

V; A 2
J3 =

o‘\ms Pper v,
12,

The yrobsble error i. § » essuming V, good to Oubj, £ to
0dF, 1 to 0.5%, end  to 1% 1s /.62 » .12 + 5% + 12 = 1,24,
However, the scatter of date will not be thet high since the

sources of error will probably lesd t0 & glowly changlng sys-
tematic error as the tempersture riscs,
& sipgle velue of current of 3,00 amperes was used

in 8ll tempersture rung,
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Do High Tempersture iduns,

fhe srrengement of ges train, furnsaces, end measuring

gyfovetus used lo meking & teppereture pun ol invuctance, ¢le

bt

fecetive roglvtance, snd repletivily in & nickelemon tncco ale
loy put intoe & given stzte of crder Ly ryolonged snrewnling et
Llgh tempersture ls siown in Figure 7. 4L varlec proved very
convenient fov eontrolling toe rute of noating of toe furavce

o

containing tas spotloen. The prosecure ivllowed in assing a
& <

L L2

teapereture run was as Lollowss

1, Che reslstivity ot rooas temperature was accurately
geturaine. Ly tuo potontlometer=inile vdye meliod.

2. Iue speclamen was lnserted in Lue solewolc, the
current and potenticl leads cere flirmly clamped, and the specie
men holder put into the messuring furnsce, The eprsrstus was
nede gas tight. ‘The solenold leads were inserted Iinto the
bridge, and the osclliator and detocitor started.

Ge 4 measwreuent of resistance wese uisde st yoonm Len=
peveture in order to {ix the equivelent length Letween tie pow
tential lesds,

4, Hydrogen wes swept bthrouph the ges trein end ape
peratus, and the furneace with the tube of copper turnings
started up.

&, The thermocouple potentlometer wes set at a de-
sired millivoltage ¢t which the {irst set of readinis was to
be taken, snd the current throuph the furnsce set at a value
to heet the srecimen to that temprerasture st about 2° ¢ per

minute, When the :alvenometer needle swung almost over to
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the balanced rositlon, the rete of heating wes cubt down 80
thet the furnsce would slowly coest over the desired btem=
perature, sllowing the messurements Lo Le mede,

6., The bridge wrs balenced and while the specimen
wae bt tempercbture, the willivoltayge across tie potentisld
lends wes deternmined when & amperes [lowed through the syenis
mene +Lhese deta were then recoprded and the hesting siarted
up Bpein,.

7. Detween resdings the milliiveltege acrous the
rotential lesds with no current flowing was determined in
order to eveluate eny thernmel or parassitlic euf's. so that

the millivoltapge with current rlowling might Le svaluated,

By dhepwoeleciric Lsasurerents.

These merepurements were mai e in an attempt to show
thorpoelectric svidence of the magnetlie Curie tempersture as
well &2 the onset of order. Accordingly, & length of 462 sle-
loy In wire formy aboubt 22 ga., in e disordered condition was
brezed on the jJjunction ol & Netlonal Dureaw of Ltandards stend-
erd chromelenlunel thermoeouple, thus jroducing two thermo=
couples: The chromel=glumel oy messurling temperature of the
Junction and the wBEBwzlumel for messuring the ozf, of LR agalnst
e stenGerd st the sspe temjpersture, 4 disgram of the errangee
ment of ths couples snd meessuring eppsratus ls shoen in iigure 8.
e two couples vere jut into & furnsce and hested up to 5400 ¢
at o rate of ebout 29 { per minute, the enf'as. botween 0° ¢ and

i belng reed slmultanecusly on two portable rotentiometers.
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